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MaHOCLOKAL AND CEZHBRIC ANTIBODIES SPECIFIC FOR 
HOHAH TDMOR NECROSIS FACTOR 

This application Is a continuation of U.S. application 
5 serial No. 07/670,827, filed March, 18, 1991, which Is 
entirely Incorporated by reference. 

FIBIiP OF 7M XWygHHQH 

The present Invention in the field of ixmnunology and 
medicine relates to antibodies which are specific for hiunan 

10 tumor necrosis factor-alpha (hTNFa) ; fragments, regions and 
derivatives thereof; and to pharmaceutical and diagnostic 
compositions and production, diagnostic and therapeutic 
methods thereof. The invention further relates to 
nucleotide sequences encoding such antibodies, fragments 

15 smd regions, as well as vectors and hosts containing such 
sequences, and methods thereof. 

DESCRIPTION OF THE BACKSRODND ART 

^e cytokine known as tumor necrosis factozr-or (TNFa; 
also termed cachectin) is a protein secreted primarily by 

20 monocytes and macrophages in response to endotoxin or other 
stimuli as a soluble homotrimer of 17 kD protein subunits 
(Smith, R.A. et fj. nXQl. Chemt 252:6951-6954 (1987)). 

A membrane -bound 26 kD precursor form of TNF has also been 
described (Kriegler, M. et al, . CaLL 51:45-53 (1988) )• For 

25 reviews of TNF, see Beutler, B. et al. , Nature ^2^^:584 
(1986), Old, L.J. , - Science 230;63Q (1986), and Le, J. fit 
al^, IfgO?. Inyestt 5£:234 (1987). TNF was originally 
discovered in the serum of animals Injected secpientlally 
with a bacterial vaccine (bacillus Calmette-(3uerln, BOG) 

30 and endotoxin (Carswell, E.A. fi£_aLu, PrOC, Wat It Acad. 
Scl. USA 72:3666 (1975)). 

The esqpression of the gene encoding TNFa is not 
limited to . cells of the monocyte/macrophage family. 
Several human non-monocytic tumor cell lines were shown to 

35 produce TNF (Rubin, B.Y. et alt. J- Bxd. Med. lfil:1350 
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(1986); Spriggs, D. et al. . Proe. Natl. Acad> Sci, PSA 
Ms 6563 (1987)). TNF is also produced by CD4* and Ca58* 
peripheral blood T lynqohoc^tes, and by various cultured T 
and B cell lines (Cuturi, N.C., et al-- Jt B3H?t Meflt 

5 165:1581 (1987); Simg, S.-S.J. et al. . gJOEL — liSdui. 

168s 1539 (1988)). 

Accumulating evidence indicates that TNF is a 
regulatory cytokine with pleiotropic biological activities. 
These activities indiule: inhibition of lipoprotein lipase 

10 synthesis ("cachectin" activity) (Beutler, B. st aLtf 

Mature 316 :552 (1985) ) , activation of polymorphonuclear 
leukocytes (Kldbanoff, S-J. et al. . -T, Tj^mni . 1^6:4220 
(1986); Perussia, B., et al. . J. Hmntmol. iat:765 (1987)), 
inhibition of cell growth or stimulation of cell growth 

15 (Vilcek, J. et al. . J. Exp. Med. 163:632 (1986); Sugarman, 
B.J. et al. . Science 230 :943 (1985) ; Lsudman, L.B. et al.. 
■J , TppiiTiQi. ii£:2913 (1987) ) , cytotoxic action on cextala. 
transfoxned cell types (Lachnan, L.B. et al. . sssBoai 
Darzynkiewicz, Z. et al.. £aaSi* fiSEL. 11:83 (1984)), 

20 antiviral activity (Kohase, M. et al.. £sll 1S:659 (1986);' 
Wong, G.H.W. fit-SL^, HaSaOfi 121: 819 (1986)), stimulation of 
b«ie iresozption (Bertolini, D.R. et al.. yat\ire 11£:516 
(1986); Saklatvala, J., Nature 322:547 (1986)), 
stimulation of collagenase and prostaglandin E2 production 

25 (Dayer, J.-M. et al. . J. Exp. Med. 162:2163 (1985)); and 
innnunoregulatory actions, including activation of T cells 
(Yokota, S. et al. . J. mnminol. 1M:531 (1988)), B cells 
(Kehrl, J.H. et al. . J. Exp. Med. lfi£:786 (1987)), 
monocytes (Philip, R. s£__al^, HafiUXS 121:86 (1986)), 

30 thymocytes (Ranges, 6.B. sj^_aLi., J. Bxp. Med. lS2.ilA72 
(1988) ) , and stimulation of the cell-surface expression of 
major histocompatibility complex (MHC) class I and clajss II 
molecules (Collins, T. et al.. Proe. Natl. Acad. Sci. USA. 
£1:446 (1986) ; Pujol -Borrell, R. ^^_al^, mS31X& 12£:304 

35 (1987)). 

TOF is noted for its pro- inflammatory actions which 
result in tissue injury, such as induction of procoagulant 
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activity on vascular endothelial cells (Pober, J.S. al> ■ 
,7 TTTwmiT]|^7i , 1^:1680 (1986)), increased adherence of 
neutrophils and lymphocytes (Pober, J.S. et al, , &L. 
ImmunQl. 1^:3319 (1987)), and stimulation of the release 
5 of platelet activating factor from macrophages, neutrophils 
and vascular endothelial cells (Camussi, 6. et al, , J. Kxp , 
MSSL. lfi£:1390 (1987)). 

Recent evidence inplicates TNF in the pathogenesis of 
many infections (Cerami, A. Immtinol . Todav 2:28 

10 (1988)}, immune disorders, neoplastic pathology, e.g., in 
cachexia acconqpanying some malignancies (Oliff , A. et al . . 
Cell ^:555 (1987)), and in autoimmune pathologies and 
graft-versus host pathology (Piguet, P.-F. et al,, J. Exp. 
Med, 166 21280 (1987) ) • The association of TNF with cancer 

15 and infectious pathologies is often related to the host's 
catabolic state. A major problem in cancer patients is 
weight loss, usually associated with anorexia. The 
extensive wasting which results is known as "cachexia" 
(Kern, K.A. et alt (Ji Parent » Bnter» Htityt 12:286<298 

20 (1988)). Cachexia includes progressive weight loss, 
anorexia, and persistent erosion of body mass in response 
to a malignant growth. The fundamental physiological 
derstngement may be related to a decline in food intake 
relative to energy e3q>enditure. The cachectic state is 

25 thus associated with significant morbidity and is 
responsible for the majority of Ceuicer mortality. A number 
of studies have suggested that TNF is an important mediator 
of the cachexia in cancer, infectious pathology, and in 
other catabolic states. 

30 TNF is thought to play a centrcil role in the 

pathophysiological consequences of Gram- negative sepsis and 
endotoxic shock (Michie, H.R. et alt/ Br. J. Sura, 
2fe:670-671 (1989); Debets, J.M.H. et al.. SffCQ^f^ Yi^Tira 
Shock Forum, p. 463-466 (1989); Simpson, S.Q. fi£_aluu. CeIILl 

35 Care Clin. J£:27-47 (1989)), including fever, malaise, 
anorexia, and cachexia. Endotoxin is a potent 
monocyte/macrophage activator which stimulates production 
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and secretion of TNF (Kombluth, S.K. s£_al^, »Ti Pmwol*. 
122:2585-2591 (1986)) and other cytokines. Because TNF 
could mimic many biological effects of endotoxin, it was 
concluded to be a central mediator responsible for the 
5 clinical manifestations of endotoxin- related illness. TNF 
and other monocyte- derived cytokines mediate the metabolic 
fiTiri neurohormonal responses to endotoxin (Michie, H.R. fit 
al. . w- Bng. J. Mted. aia:1481-1486 (1988)). Endotoxin 
administration to faunan volunteers produces acute illness 

10 with flu-like symptoms including fever, tachycardia, 
increased metabolic rate and stress hormone release 
(Revhaug, A. et al. . Arch. Surg. 123:162-170 (1988)). 
Elevated levels of circtilating TNF have also been found in 
patients suffering from Gram-negative sepsis (Wsiage, A. fit 

15 al. . IsaaSfit 1:355-357 (1987); Eammerle, A.F. et ftltf SfiSSfid 
yje^n^ ghnck Forum p. 715-718 (1989); DebetS, J.M.H. fit 
al^, fvi^.. Care Mted. 12:489-497 (1989); Calandra, T. fit 
aLu, .T. Tnfec. Pis. l£l:982-987 (1990)). Treatment of 
cancer patients with THP (because of its tumoricidal 

20 action) revealed that doses greater than 545 |ig/m?/24hr 
caused alterations similar to those induced by injection of 
endotoxin (4 ng/kg) into healthy humans (Michie, H.R. fit 
al. . Suraerv 104 x280-286 (1988)), supporting TNF'S role as 
the principaa host mediator of septic and endotoxenic 

25 responses, caironic intravenous TNF infusion into humans or 
rats was associated with anorexia, fluid retention, acute 
phase responses, and negative nitrogen balance (i.e., 
classic catabolic effects) , leading to the conclusion that 
TNF may be responsible for many of the changes noted during 

30 critical illness (Kichie, H.R. et al. . ftnn. ffUJ??* 202: 19-24 
(1989)). 

Peissive immunotherapy directed at neutralizing TNF may 
have a beneficial effect in Gram-negative sepsis and 
endotoxemia, bzised on the increeised INF production and 
35 elevated TNF levels in these pathology states., aa discussed 
. abavB. 
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Antibodies to a "modulator" material which was 
characterized as cachectln (later fouzid to be Identical to 
TNP) were disclosed by Cerami et al, (epo Patent 
Publication 0212489, March 4, 1987). Such antibodies were 
5 said to be useful in diagnostic Immunoassays a^f^ in therapy 
of shock in bacterial infections. Rubin et al. (EPO Patent 
Publication 0218868, J^ril 22, 1987) disclosed monocloxaal 
cuatibodies to human TNF, the hybridomas secreting such 
antibodies, methods of producing such cuitibodies, r»^^^ the 
10 use of such antibodies in immunoassay of TNF. Yone et al> 
(EPO Patent Publication 0288088, October 26, 1988) 
disclosed antl-TNF antibodies, including mAbs, cuid their 
utility in Immunoassay diagnosis of pathologies, dLn 
particular Kawasaki's pathology and bacterlaa infection. 
15 The body fluids of patients with Kawasaki's pathology 
(infantile acute febrile nbicocutEUieous lynph node syndrome; 
Kawasaki, T., aUfisgx ifi:178 (1967); Kawasaki, T., Shonica 
(Pediatrics) ^:935 (1985)) were said to contain elevated 
TNF levels which were related to progress of the pathology 
20 (Yone at-sL.., fiUES) • 

Other investigators have described mAbs specific for 
recombinant human TNF which had neutralizing activity in 
Yitrc (Liang, C-M. et al. (Biochem. Biophva. Reg, Comm, 
137:847^854 (1986); Mfeager, A. et a^., Rvbrldoma 6:305-311 

25 (1987); Pendly fit aL.., Hybridoma 6:359-369 (1987); 

Brlngman, T.S. et aJl.> HYbrAdoma 6:489-507 (1987); Hlral, 
M. fit.^, J, Immunol, Mteth. 96:57-62 (1987); Mbller, A. fit 
aluu (Cytokine 2:162-169 (1990)). Some of these mAbs were 
used to map epitopes of human TNF and develop enzyme 
30 immunoassays (Fendly et al., aupja; Hlral et al. . sunra : 
Moller gt alt/ fiUQSa) and to assist in the purification of 
recombinant TNF (Brlngman et al., aapia) • However, these 
studies do not provide a basis for producing TNF 
neutralizing cintlbodles that can be used for in. vivo 
35 diagnostic or therapeutic uses in humans. 

The most direct support for the use of amti-TNF 
Immunotherapy comes from in vivo protection studies in 
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animals other than humans. Neutralizing antisera or mabs 
to TOP have been shown in mammals other than man to 
abrogate adverse physiological changes and prevent death 
after lethal challenge in experimental endotoxemia and 
5 bacteremia. This effect has been demonstrated, e.g., in 
rodent lethality assays and in primate pathology model 
systems (ifethison, J.C. fit — Sl^, J- — 3^St. 

fli:1925-1937 (1988); Beutler, B. fit alj.» SC;i,gBCg 

22a:869-871 (1985); Tracey, K.J. et 9l.r HStllES 3211:662-664 

10 (1987); saiimamoto, Y. et al.. JnTOmOlt ^■ettt 12:311-318 

(1988) ; Silva, A.T. fiSL.al-.r -T, Tnfqgt. VU, lg2:421-427 
(1990); Opal, S.M. et al. . ,T. TTigggtt Dj,g. 1£1:1148-1152 
(1990); Hinshaw, L.B. gt__a3^, CirCt Shogk 111:279-292 
(1990)). For exair5>le, P(ab')a fragments of neutralizing 

15 anti-TOF mftbs were able to prevent septic shock produced by 
live B- eoli in baboons (Tracey, K.J. gt alt , fiyem) • 

Putative receptor binding loci of ttINF has been 
presented by Bck and Sprang (J. Biol. Chem. 2fi4(29) , 
17595-17605 (1989), 1*0 identified the receptor binding 

20 loci of TNF-a as consisting of amino acids 11-13, 37-42, 
49-57 and 155-157. PCT application WO91/02078 (priority 
date of August 7, 1989) discloses TNF ligands which can 
bind to monoclonal antibodies having the following 
epitopes: at least one of 1-20, 56-77, and 108-127; at 

25 least two of 1-20, 56-77, 108-127 and 138-149; all of 1-18, 
58-65, 115-125 and 138-149; all of 1-18, and 108-128; all 
of 56-79, 110-127 and 135- or 136-155; all of 1-30, 117-128 
and 141-153; all of 1-26, 117-128 and 141-153; all of 
22-40, 49-96 or -97, 110-127 and 136-153; all of 12-22, 

30 36-45', 96-105 and 132-157; all of both of 1-20 and 76-90; 
all of 22-40, 69-97, 105-128 and 135-155; all of 22-31 and 
146-157; all of 22-40 and 49-98; at least one of 22-40, 
49-98 and 69-97, both of 22-40 and 70-87. 

To date, experience with anti-TNF mab therapy in 

35 humans has been limited. In a phase I study, fourteen 
patients with severe septic shock were actainistered a 
neutralizing mouse anti-TNF mab in a single dose from 
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0.4-10 mg/kg (Exley, A.R. et al, , LgasSfit aaS:1275-1277 
(1990) ) • However, seven of the fourteen patients developed 
a human auati -murine antibody response to the treatment, 
which treatment suffers from the known problems due to 
5 Immunogenldty from the murine heavy and light chain 
portions of the cuitlbody. Such Immunogenldty causes 
decrease effectiveness of continued administration and can 
render treatment Ineffective due to the Increased Immune 
rejection _ response In patients undergoing diagnostic or 

10 therapeutic administration of mouse anti-TNF antibodies. 

Administration of murine TNF mAb to patients suffering 
from severe graft vs. host pathology has also been reported 
(Herve, P* ££^.aL.., Lymphoma Rea^ Qi591 (1990)). 

Accordingly, there is a need to provide novel TNF 

15 antibodies that overcome the problems of murine suitibody 
Immunogenldty and which provide reduced Immunogenlclty and 
Increased neutralization activity. 

SmntARY OF THE HIVKHTIOBr 
It is an object of the present invention to overcame 
20 the deficiencies of the backgroimd art. 

It is also cm object of the present invention to 
provide antl- tissue necrosis factor (TNF) murine antibodies 
and chimeric cuatlbodies, anA fragments and regions thereof, 
which inhibit or neutralize TNF blologiCcLL activity in vivo 
25 and are specific for human tumor necrosis factor* alpha 
(hTNFa) . In a preferred ^nbodlment, anti-TNF antibodies of 
the present Invention cospetitively inhibit the binding of 
A2 antibodies to TNF. 

In another preferred embodiment, antl-niF antibodies 
30 of the present invention bind an epitope of at least 5 
amino acids of residues 87-108 or both of residues 59*80 
and 87-108 of hTNFa (of SEQ ID N0;1) , but which do not bind 
known or putative receptor binding portions of TNF, such as 
amino acid sequences 1-20, 11-13, 37-42, 49-57 or 155-157 
35 of TNF (of SEQ ID N0:1) . 
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Such anti-TNF antibodies, fragments and regions 
thereof of the present invention include those produced 
both from hybridomas, such as murine-murine Iq^ridomas, and 
from recoinbinant cells expressing heterologous nucleic acid 
5 encoding at least vsuriable regions, such as murine-human 
chimeric antibodies, of such TNP specific antibodies, 
fragments or regions of the present invention. 

Is a further object of the present invention to 
provide anti-TNF antibodies, fragments, and regions using 

10 hybridoma and genetic engineering technologies to provide 
useful products for the in vivo treatment and diagnosis of 
; human pathologies associated with TNF, as described above. 

It is a further object of the present invention to 
provide antigenic polypeptides of hTNFa which correspond to 

15 portions of TNF-a that, when epitopes of these polypeptides 
are boimd by TNF- specific antibodies, fragments or regions 
which neutralize or inhibit the biological activity of 
TNP-a in vivo. It is another object of the present 
invention to provide antibodies generated from hybridomas 

20 or recombinant hosts that bind specific epitopes of 
polypeptides corresponding to at lesist 5 amino acids 
selected from residues 87-108 or both residues 59-80 and 
87-108 of hTNFa {of SBQ ID N0:1), as shown in Figure 15. 
It is another object of the present invention to 

25 provide anti-TNFa antibodies, fragments and regions which 
have TNFof inhibiting and/or neutraliasing activity in vivo, 
gnri can be provided as pharmaceutical and diagnostic 
conpositions for the diagnosis and treatment of 
TNFa- related pathologies, including cachexia, acute and 

30 chronic infectious and parasitic parocesses, such as 
bacterial , viral and fungal infections, acute and chronic 
Ixifiammatory immune processes, including autoimmune 

pathology, alcohol -induced hepatitis, neqplastic pathology 
and the like. Preferred for therapeutic use cure high 

35 affinity anti-TNPa antibodies, including recombinantly and 
hybridoma produced monoclonal and chimeric antibodies, 
according to the present invention, which inhibit or 
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neutralize hiunan TNF-ar with an in vivo Inhibitory dose-SO 
(ID50) o£ at least about 1 /ig/ml, more preferably at leaet 
about 100 ng/ml, most preferably at least about 15 ng/ml. 
According to another aspect of the present Invention, 
5 antl-TNFa mAbs or chimeric mAbs, or TNFa-blndlng fragments 
thereof, which are pcu:t:lcularly useful In diagnostic 
methods for detecting human TNFa in patients suspected of 
suffering from conditions associated with TNFof production, 
including methods wherein high affinity murine auad/or 

10 chimeric anti-TNFa antibodies of the present invention are 
contacted with biological matericas from a patient and an 
antigen-antibody reaction detected. Also included are kits 
for detecting TNFof in biological fluids comprising high 
affinity murine and/or chimeric antl-TNFa antibodies or 

15 fragments of the present invention, preferably in 
detectably labeled form* 

The chimeric antibodies of the present invention 
endbody a combination of the advantageous characteristics of 
mAbs. Like mouse mAbs, they Ceui recognize and bind to 

20 human TNF; however, unlike mouse mAbs, the "human- specific" 
properties of the chimeric cuitibodies lower the likelihood 
of an immune response to the antibodies, and result in 
prolonged survival in the circulation through reduced 
clearance. Itoreover, using the methods disclosed in the 

25 present invention, the constant region of any desired human 
immunoglcdsulin isotype can be coad3ined with the desired 
antigen combining site. 

In one embodiment, the present invention is directed 
to a high affinity mouse mAb, designated A2, which is 

30 specific for faumeui TNFof. The antibody may be in detectably 
labeled form. In another embodiment, polypeptide portions 
of hTNFof are provided that, when bound as part of an intact 
TNFa molecule by antibodies or fragments specific for 
^ epitopes included in these peptide portions, inhibit or 

35 neutralize TNFa activity in vivo. 

It is also an object of the present invention to 
provide chimeric imniunoglobulin chains, either heavy (H) or 
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light (L) , having variable or constant regions, with 
specificity toward one or more epitopes of TNF, preferably 
an epitope of at least 5 amino acids of residues 87-107, or 
a combination of both of 59-80 and 87-108, of hTNFa (of SEQ 
5 ID N0:1}. In a preferred enbodiment, the epi topic amino 
acids do not include amino acids from residues from at 
least one of 11-13, 17-42, 49-57 or 155-157 of hTNPa (of 
SEQ ID 110:1) « A human/murine chimeric immunoglobulin chain 
contains a constant (C) region substantially similar to 

10 that present in a natural human immunoglobulin, and a 
variable (V) region, preferably non-human, having high 
affinity and the desired specificity for a TNF epitope. 
The invention also provides antibodies, fragments, and 
regions having chimeric H and L chains associated so that 

15 the overall molecule exhibits the desired antigen 
recognition and binding properties. 

Specifically, the present invention is also directed 
to a chimeric antibody comprising two light chains and two 
heavy chains, each of the chains comprising at least part 

20 of a human constant region and at least part of ^ a variable 
(V) region of non-human origin having specificity to human 
THFa, said antibody binding with high affinity to a 
inhibiting and/or neutralizing epitope of hxnnan TNPa. The 
invention is also includes a fragment or a derivative such 

25 an antibody. Preferably, the V region is of non-human 
origin, most preferably of murine origin. In a preferred 
CTibodiment, the V region is derived from, or binds epitopes 
of the A2 mlib. In cuiother preferred exnbodiment, a chimeric 
antibody is provided which binds epitopes of the antibody 

30 designated chimeric A2 (cA2} , or a chimeric human-mouse 
anti-INP mfib that conpetitively inhibits the binding of cA2 
to TNFa. 

Preferably, the chimeric antibody inhibits or 
neutralizes human TNFa In vivo with an IDSO of at least 
35 about 1 fig/Tol, more preferably at least about 100 ng/ml, 
most preferably at least about 15, 30, 50, or 80 ng/ml. 
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BRIBP DBamiPTim of the DRMmggfl 

Figure 1 is a graph showing dose dependent binding of 
mouse mAb A2 to huxnan THFa. 

Figure 2 is a graph showing lack of recognition of 
5 heat -inactivated huxnan TNFa by nAb A2. 

Figure 3 is a graph showing neutralization of in vitro 
TNF cytotoxicity by murine A2. Control: murine igGl 

anti- lipid A mAb (8A1) with natural himian TNF. Average 
absorbcuice values for controls were as follows: no TNF 
10 added - 1.08; natural TNF, no antibody - 0.290; and 
recombinant TNF, no antibody ■ 0.500. 

Figure 4 is a graph showing that mAb A2 and chimeric 
A2 do not inhibit or neutralize human lymphotoxin (TNFS) • 
Figure 5 is a graph showing that mAbs murine A2 and 
15 chimeric CA2 do not Inhibit or neutralize murine TNFae. 

Figures 6 and Figure 7 are graphs showing that mAb A2 
inhibits or neutralizes TNF produced by chlmpauazee 
monocytes cuid rhTNFos. 

Figxire 8 provides schematic diagrams of the plasmids 
20 used for expression of the chimeric H (pA2H61apgpt) and L 
(pA2HuKapgpt) chains of the chimeric A2 antibody. 

Figure 9 is * a graph showing results of a 
cross -blocking epitope ELISA with murine A2 (mA2} and 
chimeric (cA2) antibody conqpetitors . 
25 Figure 10 is a graph of a Scat chard analysis of 

^^I-labelled mAb A2 (mA2) and chimeric A2 (cA2) binding to 
recomhi nant human TNFoe immobilized on a microtiter plate. 
Bach Ka value was calculated from the average of two 
independent determinations. 
30 Figure 11 is a graph showing neutralization of TNF 

cytotoxicity by chimeric A2. The control is a chimeric 
mouse/human IgGl anti -platelet mAb (7E3) reacting with 
natural human TNF. Average absorbance values for controls 
were: no TNF added = 1.08; natural TNF, no Ab » 0.290; and 
35 recombinant TNF, no Ab - 0.500. 
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Figtire 12 is a graph showing in vitro neutralization 
of TNP- induced ELAM-l expression by chimeric A2. The 
control is a chimeric mouse/human IgGl anti-CD4 antibody. 

Figure 13 is an amino acid seqpience of human TNF as 

5 SBQ ID H0:1. 

Figure 14A is a graphical representation of epitope 
mapping of chimeric mAb cA2 indicating relative binding of 
cA2 to human TNF peptide pins. 

Figure 14B is a graphical representation of epitope 
10 making of chimeric mAb cA2 indicating relative binding of 
cA2 to human TNF peptide pins in the presence of human TNF. 

Figure 15 is an amino acid sequence of human TNF 
showning sequences having portions of epitopes recognized 
by cA2. 

15 Figure 16A is a representation of a space filling 

model of a homnan 'HIF monomer. 

Figure 16B is a representation of a space filling 
mpiaffi of two noncontiguous peptide sequences of human TNF 
recognissed by cA2. ' 

20 Pgg^TLED Tiiagrn>TPi ioar OF THl^ PPCTmP^ gwnnnTipifpg 

The present invention provides anti- tissue necrosis 
factor (TNF) murine antibodies and chimeric murine-human 
antibodies, and fragments and regions thereof, which 
inhibit or neutralize TNF biological activity in vivo and 

25 are specific for humain tumor necrosis factor- alpha (hTNFa) , 
which can be used for diagnostic and therapeutic purposes 
in subjects having pathologies or conditions associated 
with the presence of a substance reactive with anti-TNF 
antibody, in particular hTNFa, in amounts exceeding those 

30 present in a normal healthy subject. Antibodies, and 
fragments, regions and derivatives thereof, of the present 
invention preferably contain at leaist one V region which 
recognizes an epitope of TNF \rbicii has inhibiting and/or 
neutiralizing biologiccd. activity in vivo. 

35 Unexpectedly, mZtt>s of the present invention can block 

the action of TNF-a without b ind ing to the putative 
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receptor binding locus as presented by Bck and Sprang (J. 
Biol* Chem. 2SA(29) , 17595-17605 (1989), as amino acids 
11-13, 37-42, 49-57 and 155-157 of hTNPa (of SEQ ID N0:1) . 
Preferred antibodies of the present Invention are 
5 murine antibodies or high affinity hinnan -murine chimeric 
anti-TNFof cmtibodles, and fragments or regions thereof, 
that have potent inhibiting and/or neutralizing activity in 
vivo against hviman TNFa. Such antibodies and chimeric 
cuitlbodies include those generated by immunization using 

10 purified recombinant hTNFof (SEQ ID N0:1) or peptide 
fragments thereof. Such fragments include epitopes of at 
leaist 5 amino acids of residues 87-107, or a combination of 
both of 59-80 and 87-108 of hTlIFa (as these corresponding 
amino acids of SEQ ID N0:1). Additionally, preferred 

15 antibodies, fragments and regions of antl-TNF antibodies of 
the present invention do not recognize amino acids from at 
least one of amino acids 11-13, 37-42, 49-57 or 155-157 of 
hTNFa (of SEQ ID N0:1) . 

Since circulating concentrations of TNP tend to be 

20 extremely low, in the ramge of about 10 pg/ml in non- septic 
individuals, and reaching about 50 pg/ml in septic patients 
and above 100 pg/ml in the sepsis syndrome (Hammerle, A.F. 
et al ■ . 1989, or may be only be detectable at sites 

of TNF-medlated pathology, it is preferred to use high 

25 affinity and/or potent in vivo TNF- inhibiting amd/or 
neutralizing antibodies, fragments or regions thereof, for 
both TNF Immunoassays and therapy of IMF-mediated 
pathology • Such antibodies, fragments, or regions, will 
preferably have an affinity for hTNFa, expressed as Ka, of 

30 at least 10' M'\ more preferably, at least lO' IT^, such as 5 
X 10* M-*, 8 X io» irS 2 X 10* vr\ 4 X 10* 6 X 10* jrS 8 x 

10* M-^ 

Preferred for human therapeutic use are high affinity 
murine and chimeric cmtibodles, and fragments, regions and 
35 derivatives having potent in vivo TNFog- inhibiting sind/or 
neutralizing activity, according to the present invention, 
that block TNF- induced IL-6 secretion. Also prefeznred for 
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>i^itnan therapeutic uses are such high affinity murine and 
chimeric anti-TNFa antibodies, and fragptnents, regions and 
derivatives thereof, that block THF- induced procoagulant 
activity, including blocking of TNP- induced e3q)ression of 
5 cell adhesion molecules such as EU^-l and ICfiM-1 and 
blocking of TNF mitogenic activity, in vivo, in situ, and 
in vitrt). 

Preferred anti-TNF mAbs axe those which will 
conpetitively inhibit in vivo the binding to human TNPa of 

10 anti-THFa murine mAb A2, chimeric mAb cA2, or an antibody 
having substantially the same specific binding 
characteristics, as well as fragments and regions thereof. 
Preferred antibodies of the present invention are those 
that bind epitopes recognized by A2 and cA2, which sire 

15 included in amino acids 59-80 and/or 87-108 of hTNPa (as 
these corresponding amino acids of SEQ ID ND:1), such that 
the epitopes consist of at leaist 5 amino acids which 
CGoprise at least one amino acid from the above portions of 
fa^ nipti TNFa. Preferred methods for dete rmining mAb 

20 specificity and affinity by conqpetitive inhibition can be 
found in Miller, ifeth, Rnzvmol. 92:589-601 (1983), which is 
entirely dLncorporated by reference. 

As exanqples of antibodies according to the present 
invention, murine mAb A2 of the present invention is 

25 produced by a cell line designated cl34A. Qiimeric 
cuitibody cA2 is produced by a cell line designated cl68A. 
Cell lixie cl34A is deposited as a reseeurch cell bank in the 
Centocor Cell Biology Services Depository, and cell line 
cl68A(RCB) is deposited as a research cell bank in the 

30 Centocor Corporate Cell Culture Research and Development 
Depository, both at Centocor, 200 Great Valley Parkway, 
Maiw mj Pennsylvania, 19355. The cl68A cell line is clLso 
deposited at Centocor BV, Leiden, The Netherlands. 

Furthermore, cl68A was deposited as of the filing date 

35 of the present application at the American Type Culture 
Collection, Rockville, M&ryland, as a "Culture Safe 
Deposit. " 
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The term "epitope" is meant to refer to that portion 
of any molecule capable of being recognized by and bound by 
an antibody. Epitopes usually consist of chemically active 
surface groupings of molecules such as amino acids or sugar 
5 side chains and have specific three dimensional structural 
chcuracteristics as well cis specific charge characteristics. 
By "inhibit ding gmd/or neutralizing epitope" is intended ein 
epitope, which, when bound by an antibody, results in loss 
of biological activity of the molecule or organism 

10 containing the epitope, in vivo, in vitro and in situ, 
more preferably in vivo, including binding of TNP to a TNP 
receptor. Preferred antibodies, fragments and regions of 
anti-TNF antibodies of the present invention recogxiize 
epitopes including 5 amino acids comprising at least one 

15 . amino acid from amino acids residues 87-108 or both 
residues 59-80 and 87-108 of hTNFa (of SBQ ID N0:1). 
Preferred antibodies, fragments and regions of anti-TEIF 
antibodies of the present invention do not recognize 
epitopes from at least one of amino acids 11-13, 37-42, 

20 49-57 or 155-157 of hTNPa (of SEQ ID N0:1) . In a preferred 
endbodlment, the epitope comprises at leaBt 2 amino acids 
from residues 87-108 or both residues 59-80 and 87-108 of 
hTNFof (of SEQ ID NO;l}. In another preferred embodiment, 
the epitope coznprlses at least 3 amino acids from residues 

25 59-80 and 87-108 of hTNFa (of SEQ ID N0:1). In another 
preferred embodiment , the epitope comprises at least 4 
amino acids from residues 87-108 or both residues 59-80 and 
87-108 of hTNPof (of SEQ ID N0:1) . In another preferred 
embodiment, the epitope comprises at least 5 amino acids 

30 from residues 87-108 or both residues 59-80 87-108 of 
hTNFa (of SBQ ID N0:1) . In cinother preferred embodiment, 
the epitope conqprises at least 6 amino acids from residues 
87-108 or both residues 59-80 and 87-108 of hTNFa (of SEQ 
ID N0:1). In another preferred embodiment, the epitope 

35 coxrqprlses at least 7 amino acids from residues 87-108 or 
both residues 59-80 and 87-108 of hTNFa (of SEQ ID N0:1) . 
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An "antigen" is a molecule or a portion of a molecule 
capable of being bound by an antibody which is additionally 
capable of inducing an animal to produce antibody capable 
of binding to an epitope of that antigen. An antigen may 
5 have one or more than one epitope. The specific reaction 
referred to above is meant to indicate that the antigen 
will react, in a highly selective manner, with its 
corresponding antibody and not with the multitude of other 
antibodies which may be evoked by other antigens. 

10 Preferred antigens that bind antibodies, fragments and 
. regions of anti-TNF antibodies of the present invention 
include at lea^t 5 amino acids comprising at least one of 
amino acids residues 87-108 or both residues 59-80 and 
87-108 of hTNFa (of SEQ ID N0:1) . Preferred antigens that 

15 bind antibodies, fragments and iregions of anti-TNF 
gmtibodies of the present invention do not include amino 
acids of amino acids 11-13, 37-42, 49-57 or 155-157 of 
hTUFa (SEQ ID N0:1} 

The term "antibody" is meant to include a polyclonal, 

20 or monoclonal antibody, and fragments and regions thereof, 
as well as derivatives thereof, which are capable of 
binding portions of TNP that inhibit binding to TNF 
receptors by TNF. Fragments include, for example. Fab, 
Fab', F(ab')2 These fragments lack the Fc fragment 

25 of intact antibody, clear more rapidly from the 
circulation, and may have less non-specific tissue binding 

t-ViaTi an intact antibody (Wahl et al.. J. Nucl, — 

24:316-325 (1983)). These fragments are produced from 
intact antibodies using methods well known in the art, for 

30 example by proteolytic cleavage with enzymes such as papain 
(to produce Fab fragments) or pepsin (to produce F(ab*)2 
fragments) . Regions of anti-TNF antibodies of the present 
invention include at least one of a heavy chain constant 
region (Hp) , a heavy chain variable region (H^) , a light 

35 i^^a^T^ variable region (L^) and a light chain constant 
regions (1^) r wherein a polyclonal, monoclonal antibody, 
fragments and regions thereof include at least one heavy 
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chain variable region (H,) or light chain variable region 
(Ly) which binds a portion of a TNF and Inhibits TNF 
biological activity. 

In a preferred embodiment, the antibody is a 
5 monoclonal antibody which binds amino acids of an epitope 
of TNF, which antibody is designated A2, rA2 or cA2, which 
is produced by a hybridoma or by a recombinant host. In 
another preferred embodiment, the antibody is a chimeric 
antibody which recognizes an epitope recognized by A2. In 

10 a more preferred embodiment, the antibody is a chimeric 
cuatibody designated as chimeric A2 (cA2). 
The murine and chimeric antibodies, fragments and regions 
of the present invention comprise dLndlvidual heavy (H) and 
light (L) immunoglobulin chains. A chimeric H chain 

15 CQoprlses an omtigen binding region derived from the B 
chain of a non-hximan antibody specific for TNF, which is 
linked to at least a portion of a human H chain C region 
(Ch). 

A chimeric L chain according to the present invention, 

20 conprises an antigen binding region derived from the L 
chauLn of a non-human antibody specific for TNF, linked to 
at least a portion of a hiimeui L chain C region (0^) . 

As used herein, the term "antigen binding region" 
refers to that portion of an antibody molecule which 

25 contains the amino acid residues that interact with an 
antigen and confer on the antibody its specificity and 
affinity for the antigen. The antibody region Includes the 
"f33mework" amino acid residues necessary to maintain the 
prqper conformation of the antigen-binding residues. 

30 As used herein, the term "chimeric antibody" Includes 

monovalent, divalent or polyvalent immunoglobulins. A 
monovalent chimeric antibody is a dimer (HL) ) formed by a 
chimeric H chain associated through disulfide bridges with 
a chimeric L chain. A divalent chimeric aintlbody is 

35 tetramer (E^) formed by two HL dimers associated through 
at least one disulfide bridge. A polyvalent chimeric 
antibody can also be produced, for example, by employing a 
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Ch region that aggregates (e.g., from an IgM H chain, or n 
chain) . 

The invention ed^so provides for "derivatives" of the 
miTHrtgi or chimeric antibodies, fragments, regions or 
5 derivatives thereof, which term includes those proteins 
encoded by truncated or modified genes to yield molecular 
species functionally resembling the immunoglobulin 
fragments. The modifications include, but are not limited 
to, addition of genetic sequences coding for cytotoxic 

10 proteins such eis plant and bacterial toxins • The fragments 
?TtH derivatives can be produced from any of the hosts of 
this invention. Alternatively, anti-TNF antibodies, 
fragments and regions can be boimd to cytotoxic proteins or 
conpounds in vitro, to provide cytotoxic anti-TNP 

15 antibodies which would selectively kill cells having TNP 
receptors. 

Antibodies, fragments or derivatives having chimeric 
H r»ha4infl and L chains of the same or different V region 
binding specificity, can be prepsured by appropriate 

20 association of the individual polypeptide chains, as 
taught, for exainple by Sears et al . . Proc. Natl. Acad. Sci, 
USA 222353-357 (1975). With this approach, hosts 
es^ressing chimeric H chains {or their derivatives) are 
separately cultured from hosts expressing chimeric L chains 

25 (or their derivatives) , and the imnninoglobulin chains are 
separately recovered and then associated. Alteimtively, 
the hosts can be co- cultured and the c hain s allowed to 
associate spontaneously in the culture medium, followed by 
recovery of the asseinbled inmunbglobulin, fragment or 

30 derivative. 

The antigen binding region of the chimeric antibody of 
the present invention is derived preferably from a 
non-human antibody specific for human TNF. Preferred 
sources for the DNA encoding such a non- human antibody 

35 include cell lines which produce antibody, preferably 
hybrid cell lines commonly known as hybridomas. A 
preferred hybridoma is the A2 hybridoma cell line. 
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The hybrid cells are formed by the fusion of a non-faunan 
antl-hTNFtt antibody-producing cell, typically a spleen cell 
of an animal immunized agaizist either natural or 
recosibinant humcm TNF, or a peptide fragxnent of the human 
5 TNFa protein sequence. Alternatively, the non-human 
anti-TNFa antibody-producing cell may be a B lynphocyte 
obtained from the blood, spleen, lymph nodes or other 
tissue of an animal immunized with TNF. 

The antibody-producing cell contributing the 

10 nucleotide sequences encoding the antigen-binding region of 
the chimeric antibody of the present invention may also be 
produced by trcuis formation of a non*human, such as a 
primate, or a human cell. For example, a B lymphocyte 
which produces anti-TNF antibody may be infected and 

15 transformed with a virus such as Epstein-Barr virus to 
yield an immortal amti-TNF producing cell (Kozbor et al. 
Immunol, Todav 4:72-79 (1983)). Alternatively, the B 
lymphocyte may be transformed by providing a tiansforming 
gene or transforming gene product, as is well-known in the 

20 art. 

Preferably, the antigen binding region will be of 
murine origin. In other embodiments, the antigen binding 
region may be derived from other animal species, in 
particular rodents such as rabbit, rat or hamster. 

25 The second fusion partner, which provides the 

immortalizing function, may be lynqphoblastoid cell or a 
plasmacytoma or myeloma cell, which is not itself an 
antibody producing cell, but is malignant. Preferred 
fusion partner cells include the hybridoma SP2/0-Agl4, 

30 abbreviated as SP2/0 (ATCC CSUjISSI) and the myeloma 
P3X63Ag8 (ATCC TIB9) , or its derivatives (see: Hartlow, B. 
et al. . Antibodies: A Laboratory Manual . Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1988)). 

Murine hybridomas which produce mAb specific for Jiuman 

35 TSPot are formed by the fusion of a mouse fusion partner 
cell, such as SP2/0, and spleen cells frcmi mice immunized 
against purified hTNFa, recombinant hTNFa, natural or 
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synthetic TNP peptides, including p^tides including 5 or 
more amino acids selected from residues 59-80, and 87-108 
of TUP (of SEQ ID NO:l) or other biological preparaticms 
containing THF. To immunize the mice, a variety of 
5 different conventional protocols may be followed. For 
exaaaple, mice may receive primary and boosting 
dLnmunizations of TI7F. 

TNP residues 87-108 or both residues 59-80 and 87-108 
of TNP (of SEQ ID N0:1), fragments or c om bi n ations of 

10 peptides containing therein are useful as immunogens to 
raise antibodies that will recognize peptide sequences 
presented in the context of the native TNP molecule. 

Epitopes recognized by antibodies, and fragments and 
regions thereof, of the present invention include 5 or more 

15 amino acids con5)rising at least one amino acid of each or 
both of the following amino acid sequences of TNP, which 
provide a topographical epitope of TNP which is recognized 
by, and binds with anti-TNP activity, an antibody, and 
fragments, and variable regions thereof, of the present 

20 invention: 

59-80: Tyr-Ser-Gln-Val-Leu-Phe-Lys-Gly-Gln-Gly-Cys- 
Pro-Ser-Thr-His-Val-Leu-Leu-Thr-His-Thr-Ile 
(AA 59-80 of SEQ ID Np:l}; and 

87-108 : Tyr-Gln-Thr-Lys-Val-Asn-Leu-Leu-Ser-Ala-Ile 
25 -Lys-Ser-Pro-Cys-Gln-Arg-Glu-Thr-Pro-Glu-Gly 

{ML 87-108 of SEQ ID N0:1) . 

Particular peptides which can be used to generate 
antibodies of the present invention include coznbinations of 
afn^T1n acids selected from at lesist residues 87-108 or both 
30 residues 59-80 and 87-108, which aure combined to provide an 
epitope of TNP that is bound by anti-TNP antibodies, 
fragments and regions thereof, and which binding provided 
anti-TNP biological activity. Such epitopes include at 
least 1-5 amino acids and less than 22 amino acids from 
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residues 87-108 or each of residues 59-80 and 87-108, which 
In combination with other amino acids of TNF provide 
epitopes of at least 5 amino adds In length. 

The techniques to raise antibodies of the present 
5 invention to small peptide sequences that recognize smd 
bind to those sequences in the free or conjugated form or 
when presented as a native sequence in the context of a 
large protein are well known in the art. Such antibodies 
include murine, murine human and human -human antibodies 
10 produced by hybridoma or recombinant techniques known in 
the art* 

The identification of these peptide sequences 
recognized by mAbs of the present invention pzxsvides the 
Information necesssu^ to generate additional monoclonal 

15 antibodies with binding characteristics and therapeutic 
utility that parallel the embodiments of this application. 

In a preferred embodiment, the amino acids of the 
epitope are not of at least one of amino acids 11-13, 
37-42, 49-57 and 155-157 of hTNPa (of SEQ ID N0:1) . 

20 The cell fusions axe accQnqplished by stcmdard 

procedures well known to those skilled in the field of 
immunology (Kohler and Milstein, Nature 25fi:495-497 (1975) 
and U.S. Patent No. 4,376,110; Hartlow^ E. et al, , su pra ; 
Caxqdbell, A., "Monoclonal Antibody Technology," In: 

25 Tif^t7Qrf<1;0TY — TeclmAqueg iZl Bj-OCherolStyy and Mblecular 

BioloQv. Volume 13 (Burden, R., et al.. eds.), Elsevier, 
Amsterdam (1984); Kennett et al.. Monoclona l Antibodies 
(Kennett filial*, eds. pp. 365-367, Plenum Press, NY, 1980); 
de St. Groth, S.F., et al»# J. ImmmiQl, Meth, 1-21 

30 (1980); Galfre, G. et alt/ tSsthOOa Bngymol. 71:3-46 

(1981); Goding, J.W. 1987. Monoclonal Antibodies : 
PrincAp3-eg antit Pgactice^ 2nd ed. Academic Press, London, 
1987) ; 

Fusion partner cell lines and methods for fusing and 
35 selecting hybridomas and screening for mAbs are well known 
in the art (Hartlow, E. et al.. Kawamoto, T> et al. . 

Meth. BBTryntQl 121;266-277 (1986); Kearney, J.F. et al.. 
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. rTim ^^Q^- 123:1548-1550 (1979); Kilmartin, J.V. 
Cell Biol. 9_a;576-582 {1982); Kohler, G. et ^Xt, BUfr Ji 
Tmimmol. £:292-295 (1976) ; Lane, D.P. et al>, Ji XPffl^T^flla- 
Meth> ^:303-307 (1981) ; Maeller, U.W. et al.. Jt Bmmol^ 
5 Meth. 12:193-196 (1986); Pontecorvo, G., gqm^tAc? — Csll 
Genet. i:397-400 (1975); Sharo, J., ^t/ PffPCt yatXr 
gel. USA 2£:1420-1424 (1979); Shulman, M. SJL-Sla-. 
Nature 276g269>270 (1978) ; Springer, T.A. (ed) , Hyl;>r1 (jgnia 
T'l^^^TmninaY in the Bioscienc es and Medicine, Plenxm Press, 

10 New York, 1985; and Taggaxi:, R.T. sla^i B£iSSS& 

2ia:1228-1230 (1982)). 

The hTNFa- specific murine or chimeric mAb of the 
present invention may be produced in large quantities by 
injecting hybridoma or transfectoma cells secreting the 

15 antibody into the peritoneal cavity of mice and, after 
appropriate time, harvesting the ascites fluid which 
contains a high titer of the mftb, and isolating the mab 
therefrom. For such in vivo production of the mftb with a 
non-murine hybridoma (e.g.r rat or human), hybridoma cells 

20 are preferably grown in irradiated or athymic nude mice. 

Alternatively, the antibodiiss my be produced by 
culturing hybridoma or transfectoma cells ia vj-t^o and 
isolating secreted mAb from the cell cultxzre medium. 
Monoclonal antibodies of the present invention 

25 recognize epitopes including non- contiguous residues 
located within the non- contiguous sequences residues 87-108 
or both residues 59-80 and 87-108 of TNP (of SEQ ID 110:1). 
Preferred anti-TNF mAbs are those that inhibit this binding 
of human TNF-a to its receptors by virtue of their ability 

30 to bind to one or more of these peptide sequences. These 
antibodies would block the activity of TNP by virtue of 
binding to the epitope of sequences including 87-108 and/or 
110-128 of TNF (of SBQ ID N0:1) . Such binding is 
demonstrated to inhibit TNF activity, as described herein. 

35 Particular peptides which can be used to screen 

antibodies of the present invention include combinations of 
amino acids selected from at least residues 87-108 or both 
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residues 59-80 and 87-108, which are combined to provide an 
epitope of TNF that is bound by anti-TNF antibodies, 
fragments and regions thereof, of the present invention, 
and which binding provided anti-TNF biological activity. 
5 Such epitopes include at least 1-5 amino acids and less 
than 22 amino acids from residues 87-108 or each of 
residues 59-80 and 87-108, which in combination with other 
amino acids of TNF provide epitopes of at least 5 amino 
acids in length. 

10 

RftfffflffMrff^t Expression of Anti-TNF Activity Antibodies 

Recombinant murine or chimeric murine -human or 
human-human antibodies that inhibit TNF and bind an epitope 
included in the amino acid sequences residues 87-108 or 

15 both residues 59-80 and 87-108 of hTNFtt (of SBQ ID N0:1}, 
can be provided according to the present invention using 
known techniques based on the teaching provided herein. 

The ONA encoding an anti-TNF antibody of the present, 
invention may be genomic DNA or cDNA which encodes at least 

20 one of the heavy chain constant region (H^) , the heavy chain 
variable region (H^) , the light chain variable region (Iv) 
and the light chain constant regions (I^) . A convenient 
alternative to the use of chromosomal gene fragments as the 
source of DNA encoding the murine V region antigen-binding 

25 segment is the use of cDNA for the construction of chimeric 
immunoglobulin genes, as reported by Liu et al. ( Proc. 
Natl. Acad/ Scl. , PSA 84:3439 (1987) and J. TffWMPPlggy 
139 23521 (1987) , which references are hereiby entirely 
incorporated by reference. The use of cDNA requires that 

30 gene expression elements appropriate for the host cell be 
combined with the gene in order to achieve synthesis of the 
desired protein. The use of cDNA sequences is advantageous 
over genomic sequences (which contain introns) , in that 
CDNA sequences can be expressed in bacteria or other hosts 

35 which lack appropriate RNA splicing systems. 

Human genes which encode the constant (C) regions of 
the murine and chimeric antibodies, fragments and regions 
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of the present invention can be derived from a human fetal 
liver library, by known methods. Human C regions genes may 
be derived from any human cell including those which 
esqpress produce human immunoglobulins. The human Ch 
5 region f^ari be derived from any of the known classes or 
isotypes of human H chains, including gamma, fi, a, 0 or €, 
and subtypes thereof, such as Gl, G2, 63 and G4. Since tl^e 
H r^^a^Tl isotype is responsible for the various effector 
functions of an antibody, the choice of Ch aregion will be 

10 guided by the desired effector functions, such as 
caii5)lement fixation, or activity in antibody- dependent 
cellular cytotoxicity (ADCC) . Preferably, the Ch region is 
derived from gamma 1 (IgGl) , gamma 3 (Ig63), gamma 4 
(IgG4) , or /I (IgM) . 

15 The h\™==*'" Cl region can be derived from either human L 

chain isotype, kappa or lambda. 

Genes encoding human immunoglobulin C regions are 
obtained from human cells by standard cloning techniques 
(Sambrobk, J. Qt al, (Mblecular Cloning; ^ Tjfl^l?omt;oyY 

20 2^Q2al# 2nd Edition, Cold Spring Harbor Press, Cold Spring 
Harbor, NY (1989) and Ausubel et al, eds» Current Protocols 
in Mblecular Biology (1987-1991))- Human C region genes 
are readily available from known clones containing genes 
representing the two classes of L chains, the five classes 

25 of H c]if=^->r>g» and subclasses thereof- Chimeric antibody 
fragments, such as Fiah^)2 and Fab, can be prepared by 
designing a chimeric H chain gene which is appropriately 
truncated. For example, a chimeric gene encoding an H 
chain portion of an P(ab')2 fragment would include DNA 

30 sequences encoding the C^ domain and hinge region of the H 
chain, followed by a' taranslational stop codon to yield the 
truncated molectile. 

(Senerally, the murine, human or murine and chimezric 
antibodies, fragments and regions of the present invention 

35 are produced by cloning DMA segments encoding the H and L 
ch t>^Ti antigen-binding regions of a TNF- specific antibody, 
a n^ joining these DMA segments to DNA segments encoding Ch 
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and regions, respectively, to produce murine, human or 
chimeric -i mrnunoglobul in- encoding genes. 

Thus, in a preferred embodiment, a fused chimeric gene 
is created which comprises a first DNA segment that encodes 
5 at least the antigen-binding region of non-human origin, 
such as a fimctionally rearranged V region with joining (J) 
segment, linked to a second DNA segment encoding at least 
a part of a human C region. 

Therefore, cDNA encoding the antibody V and C regions, 
10 the method of producing the chimeric antibody according to 
the present invention involves several steps, outlined 
below: 

1. isolation of messenger RNA (mRNA) from the cell line 
producing an cUitl-TNF antibody and from optional 

15 additional antibodies supplying heavy ^ vr^ light 

cozistant regions; cloning and cDNA production 
therefrom; 

2. preparation of a full length CDNA library from 
purified mRNA from which the appropriate V and/or C 

20 region gene segments of the L and H chain genes ^^^^ 

be: (1) identified with appropriate probes, 
(11) sequenced, and (ill) made coirqpatlble with a C 
or V gene segxnent from another antibody for a 
chimeric emtlbody; 

25 3. Construction of complete H or L chain coding 
sequences by linkage of the cloned specific V region 
gene segments to cloned C region gene, as described 
above; 

4. Expression and production of L and H chains in 
30 selected hosts, including prokaryotic and ex2karyotic 

cells to provide nurine -murine, humeui-murine, 
humcin- human or human murine antibodies. 
One common feature of all immunoglobulin H and L 
chain genes and their encoded mRNAs is the J region. H and 
35 L chain J regions have different sequences, but a high 
degree of sequence homology exists (greater than 80%) among 
each group, especially near the C region. This homology is 
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es^loited in this method and consensus sequences of H and 
L chai" J regions may be used to design oligonucleotides 
for use SB primers for Introducing useful restriction sites 
into the J region for subsequent linkage of V region 
5 segments to human C region segments. 

C region cDNA vectors prepared from human cells can 
be modified by site-directed mutagenesis to place a 
restriction site at the analogous position in the human 
sequence. For exaxq^le, one can clone the coinplete human 

10 kappa r^^r*^r% c (0^) region and the can5)lete himiian gamma- 1 C 
region (C^.^t) • In this case, the alternative method based 
ixpaa genomic C region clones as the source for C region 
vectors would not allow these genes to be expressed in 
bacterial systems where enzymes needed to resnasre 

IS intervening sequences are absent. Cloned V region segments 
are excised and ligated to L or H chain C region vectors. 
Alternatively, the htmran C^^^i region can be modified by 
introducing a termination codon thereby generating a gene 
sequence which encodes the H chain portion of an Fab 

20 molecule. The coding sequences with linked V and C regions 
are then transferred into appropriate expression vehicles 
for expression in appropriate hosts, prokaryotic or 
eukaryotic. 

Two coding DNA. sequences are said to be "opearably 
25 linked" if the linkage results in a continuoLisly 
translatable sequence without alteration or interruption of 
the triplet reading frame. A DNA coding sequence is 
operably linked to a gene expression elemen t if the linkage 
results in the proper function of that gene expression 
30 element to result in expression of the coding sequence. 

Expression vehicles include plasmids or other 
vectors. Preferred among these are vehicles carrying a 
functionally complete human Ch or Cj^ chain sequence having 
appropriate restriction sites engineered so that any or 
35 Vl chain sequence with appropriate cohesive ends can be 
easily inserted therein. Human Ch or chain 
sequence- containing vehicles thxis serve as intermediates 
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for the expression of any desired conplete H or L chain In 
any appropriate host. 

A chimeric antibody, such as a mouse-hiiman or 
hiuan-huinan, will typically be synthesized from genes 
5 driven by the chromosomal gene promoters native to the 
mouse H and L chain V regions used In the constructs; 
splicing usually occurs between the splice donor site In 
the mouse J region and the splice acceptor site preceding 
the human C region and also at the splice regions that 

10 occur within the human region; polyadenylatlon and 
transcription termination occur at native chromosomal sites 
downstream of the human coding regions. 

Gene escpresslon elements useful for the esqpresslon 
of cDNA genes Include: (a) viral transcription promoters 

15 and their enhancer elanents, such as the SV40 early 

promoter (Olcayama, et al,. MOl. Cell, Biol, 2:280 

(1983)), Rous sarcoma virus LTR (Gorman, C. et al , , ££Q£^ 
Natl, Acad, Sci., USA 22:6777 (1982)), and Moloney murine 
leukemia virus LTR (Grosschedl, R, et al. . Cell H:885 

20 (1985) ) ; (b) splice regions cuid polyadenylatlon sites such 
as those derived from the SV40 late region (Okayama et al . , 
su pra ) ; and (c) polyadenylatlon sites such as in SV40 
(Olcayama et al , . supra) . 

Immunoglobulin cDNA genes may be expressed as 

25 described by Liu et al., aunra, and Weidle et al.,. Gene 
^:21 (1987), using as expression elements the SV40 early 
promoter and its enhancer, the mouse immunoglobulin H chain 
promoter enhancers, SV40 late region mRNA splicing, rabbit 
fi-globln intervening sequence, immunoglobulin and rabbit 

30 S-globin polyadenylatlon sites, and SV40 polyadenylatlon- 
elements. For immunoglobulin genes comprised of part cDNA, 
part genomic DNA (Whittle gt rt,. PTOteiB BBqlns^yAnq 1:499 
(1987) ) , the transcriptional promoter is human 
cytomegalovirus, the promoter enhancers are cytomegalovirus 

35 and mouse/hxunan immunoglobulin, and mRMA splicing and 
polyadenylatlon regions are from the native chromosomal 
immunoglobulin sequences. 
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In one embodiment, for expression of cDNA genes in 
rodent cells, the transcriptional promoter is a viral LTR 
sequence, the transcriptional promoter enhancers are either 
or both the mouse immunoglobulin heavy chain enhancer and 
5 the viral LTR enhancer, the splice region contains an 
intron of greater than 31 bp, and the polyadenylation and 
transcription termination regions are derived from the 
native chromosomal sequence corresponding to the 
immunoglobulin chain being synthesized. In other 
10 embodiments, cDNA sequences encoding other proteins are 
combined with the above-recited expression elanents to 
achieve expression of the proteins in mamm a l ian cells- 

Each fused gene is assembled in, or inserted into, 
an e3q>ression vector. Recipient cells capable of 
15 expressing the chimeric immunoglobulin c hain gene product 
are then transfected singly with a chimeric H or chimeric 
L chain- encoding gene, or are co- transfected with a 
chimeric H and a chimeric L chain gene. The transfected 
recipient cells axe cultured under conditions that permit 
20 expression of the incorporated genes and the expressed 
immunoglobulin ri>>a^rlg or intact antibodies or fragments aire 
recovered fixm the culture. 

In one embodiment, the fused genes encoding the 
chimeric H and L chains, or portions thereof, are assembled 
in separate escpression vectors that are then used to 
co-transfect a recipient cell. 

Bach vector may contain two selectable genes, a first 
selectable gene designed for selection in a bacterial 
systen and a second selectable gene designed for selection 
in a eukaryotic system, herein each vector has a different 
pair of genes. This strategy results in vectors which 
first direct the production, and permit amplification, of 
the fused genes in a bacterial system. The genes so 
produced and amplified in a bacterial host are stibsequently 
35 used to co-transfect a eukaryotic cell, and allow selection 
of a CO- transfected cell carrying the desired transfected 
genes. 



25 
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Bxasples of selectable genes for use In a bacterial 
syston are the gene that confers resistance to anpldllin 
and the gene that confers resistance to chloranphenicol • 
Preferred selectable genes for use in eukaryotic 
5 transfectants include the xcuithine guanine phosphoribosyl 
transferase gene (designated SStL) and the 
phosphotransferase gene from Tn5 (designated neo ) . 
Selection of cells expressing cy pt is based on the fact that 
the enzyme encoded by this gene utilizes xsuithine as a 

10 substrate for purine nucleotide synthesis, whereas the 
analogous endogenous enzyme cannot* In a medium containing 
(1) nry^cpphenolic acid, which blocks the conversion of 
inosine monophosphate to xcUithine monophosphate, and (2) 
xanthine, only cells expressing the apt gene Ccui survive. 

15 The product of the neo blocks the inhibition of protein 
synthesis by the cmtibiotic 6418 and other antibiotics of 
the neomycin class. 

The two selection procedures can be used 
sdLmultcUieously or sequentially to select for the expression 

20 of immunoglobulin chain genes introduced on two different 
DNA vectors into a eukaryotic cell. It is not necessary to 
include different selectable markers for eukaryotic cells; 
an H and an L chain vector, each containing the same 
selectable marker can be co-transfected. After selection 

25 of the appropriately resistsuit cells, the majority of the 
clones will contain integrated copies of both H and L chain 
vectors.. 

Alternatively, the fused genes encoding the chimeric 
H and L chains can be ass^hbled on the same expression 
30 vector. 

For transfection of the expression vectors and 
production of the chimeric antibody, the preferred 
recipient cell line is a myeloma cell. Myeloma cells can 
synthesize, assemble and secrete immunoglobulins encoded by 
35 transfected immunoglobulin genes and possess the mechanism 
for glycosylation of the immunoglobulin. A particxxlarly 
preferred recipient cell is the Ig-non-producing myeloma 
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cell SP2/0 (ATCC #CRL 8287) . SP2/0 cells produce only 
immunoglobulin encoded by the transfected genes. Myeloma 
cells riaTi be gr own in culture or in the peritoneaJ. cavity 
of a mouse, where secreted immunoglobxilin can be obt a ined 
5 from ascites fluid. Other suitable recipient cells include 
lynphoid cells such as B lymphocytes of human or non-human 
origin, h^ridoma cells of human or non-human origin, or 
intearspecies heterohybridoma cells. 

The expression vector carrying a chimeric cuitibody 
10 construct of the present invention may be introduced into 
an appropriate host cell by any of a variety of suitable 
means, includdLng such biochemical means as transformation, 
transfection, conjugation, protoplast fusion, calcium 
phosphate-precipitation, and application with polycations 

15 such as diethylaminoethyl (DEaE) dextran, and such 
Tnoftiian^ffai means as electrpporation, direct microinjection, 
anri microprojectile bombaixhnent (Johnston et al .. Science 
240 s 1538 (1988)) . A preferred way of introducing DNA dLnto 
lymphoid cells is by electrpporation (Potter et al.. pipgCn 

20 KTatl. Acad. Sci. USA 81:7161 (1984); Yoshikawa, K. et al, , 
Jpn, J, (? ff" rft; r 22:1122-1133)'. in this procedure, 

recipient cells are subjected to an electric pulse in the 
presence of the DNA to be incorporated. Typically, after 
transfection,. cells are allowed to recover in conrplete 

25 Tng^^^T^iT" for about 24 hours, and are then seeded in 96- well 
culture plates in the presence of the selective medium. 
6418 selection is performed using about 0.4 to 0.8 mg/ml 
6418. Mycophenolic acid selection utilizes about 6^g/ml 
plus about 0.25 mg/ml xanthine. The electrpporation 

30 technique is expected to yield transfection frequencies of • 
about 10"* to about 10^ for Sp2/0 cells. In the protpplast 
fusion method, lysozyme is used to strip cell walls from 
catarrhal hcurboring the recombinant plasmid containing the 
chimeric antibody gene. The resulting spheroplasts are 

35 fused with myeloma cells with polyethylene glycol. 

The iimmmoglobulin genes of the present invention can 
also be expressed in nonlymphoid mammalian cells or in 



wo 92/16553 



31 



PCr/US92/02190 



other eukaryotic cells, such as yeast, or In prokaryotlc 
cells, in particular bacteria. 

Yeast provides substantial advantages over bacteria 
for the production o£ immunoglobulin H and L chains. 
5 Yeasts carry out post-traTiBlational peptide modifications 
including glycosylation. A number of recombinant DNA 
strategies now exist which utilize strong promoter 
sequences and high copy number plasmids which can be used 
for production of the desired proteins in yeast. Yeast 

10 recognizes leader sequences of cloned maimnalian gene 
products and secretes peptides bearing leader sequences 
(i.e., pre-peptides) (Hitzman, £lL^w llth international 

Conference on Yeast, QeBetACS MPASCttAar BioJlOqYf 

Mdntpellier, France, September 13-17, 1982) . 

15 Yeast gene expression syst^ns can be routinely 

evaluated for the levels of production, secretion and the 
stability of chimeric H and L chain proteins and assendbled 
murine and chimeric smtibodies, fragments and regions • 
Any of a series of yeast gene esqpression systems 

20 incorporating promoter and termination elements from the 
actively expressed genes coding for glycolytic enzymes 
produced in large qucuitities when yeasts are grown in media 
rich in glucose can be utilized. Known glycolytic genes 
can also provide very efficient transcription control 

25 signals. For example, the promoter and teanni.nator signals 
of the phosphoglycera.te kinase (F6K) gene can be utilized. 
A number of approaches may be taken for evaluating optimal 
expression plasmids for the expression of cloned 
immunoglobulin cDNAs in yeast (see Glover, D.M. , ed., 

30 Cloning, Vol. II . pp45-66, IRL Press, 1985) . 

Bacterial strains may also be utilized as hosts for 
the production of cuitibody molecules or antibody fragments 
described by this invention, E, coli K12 strains such as B, 
coli W3110 (ATCC 27325), amd other enterobacteria such as 

35 Salmonella typhimurium or iSeyyatAa HftrcesceMf and various 
Pfleudomonas species may be used. 
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Plasmid vectors containing replicon and control 
sequences whicli are derived from species con^jatible with a 
host cell are used din connection with these bacterial 
hosts. The vector carries a replication site, as well as 
5 specific genes which oire capable of providing phenotypic 
selection in transformed cells. A nmnber of approaches may 
be taken for evaluating the expression plasmids for the 
production of murine and chimeric antibodies, fragments and 
regions or antibody g>i?ing encoded by the cloned immuno- 

10 globulin cDNAs in bacteria (see Glover, D.M. , ed., Mj^ 
glcmina. Vol, I > IRL Press, 1985) . 

Preferred hosts are mammalian cells, grown in vitro 
or \r\ vivo . Mammalian cells provide post -translations! 
modifications to immunoglobulin protein molecules including 

15 leader peptide r^ioval, folding and assembly of H and L 
chains, glycosylation of the antibody molecules, and 
secretion of functional antibody protein. 

S&mmalian cells which may be useful as hosts for the 
production of antibody proteins, in addition to the cells 

20 of lynnphoid origin described above, include cells of 
fibroblast origin^ such as Vero (ATCC CRI» 81) or CHO-Kl 
(ATCe CRL 61) . 

Many vector systems are available for the expression 
of cloned H and L chain genes in mammalian cells (see 

25 Glover, D.M., ed. , DNA Clonin a. Vol. IX, ppl43-238, IRL 
Press, 1985) . Different approaches can be followed to 
obtain complete H^Lj antibodies. As discussed above, it is 
possible to co-escpress H and L chains in the same cells to 
achieve intracellulcu: sissociation and linkage of H and L 

30 chains into complete tetrameric antibodies. The 

CO -expression can occur by using either the same or 
different plasmids in the same host. Genes for both H and 
L r^h^iing can be placed into the same plasmid, which is 
then transfected into cells, thereby selecting directly for 

35 cells that express both chains. Alteamatively, cells may be 
transfected first with a plasmid encoding one c h ai n , for 
example the L chain, followed by transfection of the 
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resulting cell line with an H chain plasmid containing a 
second selectable nicurker. Cell lines producing 
molecules via either route could be transfected with 
plasmids encoding additional copies o£ H, L, or H plus L 
5 chains in conjunction with additioncLL selectable markers to 
generate cell lines with enhanced properties, such as 
higher production of assembled 'H^hi emtibody molecules or 
enhanced stability of the transfected cell lines. 

In addition to monoclonal or chimeric anti-TNF 
10 antibodies, the present invention is also directed to an 
anti- idiotypic (anti-Id) antibody specific for the anti-TNP 
antibody of the invention. An anti-Id antibody is an 
antibody which recognizes tmigue determinants generally 
associated with the antigen-binding region of another 
15 antibody. The antibody specific for TNF is termed the 
idiotypic or Id antibody. The cuiti-ld can be prepared by 
immunizing an animal of the same species and genetic type 
(e.g. mouse strain) as the source of the Id antibody with 
the Id antibody or the antigen-binding region thereof. The 
20 Immunized animal will recognize and respond to the 
idiotypic determinants of the immunizing antibody and 
produce an anti-Id antibody. The anti-Id antibody may also 
be used as an "immunogen" to induce an immune response in 
yet another animal, producing a so-called anti-anti-Id 
25 antibody. The anti-anti-Id may be epitopicsaiy identicaa 
to the original antibody which induced the anti-Id. Thus, 
by using antibodies to the idiotypic determinants of a mAb, 
it is possible to identify other clones expressing 
auitibodies of identical specificity. 
30 Accordingly, mAbs generated against TNF according to 

the present invention may be used to induce anti-Id 
antibodies in suitable animals, such as BALB/c mice. 
Spleen cells from such immunized mice can be used to 
produce anti-Id hybridomas secreting anti-Id mAbs. 
35 Further, the ant i- Id mAbs can be coupled to a carrier such 
as keyhole limpet hemocyanin (KLH) and used to Immunize 
additional BALB/c mice. Sera from these mice will contain 
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anti-anti-Id antibodies that have the binding properties of 
the original mAb specific for a TNP epitope. 

The antibodies, fragments and derivatives of the 
present invention are ixseful for treating a subject having 
5 a pathology or condition associated with levels of a 
substance reactive with an anti-TNF antibody, in particular 
TNP, in excess of the levels present in a normal healthy 
subject. Such pathologies include, but are not limited to, 
sepsis syndrome, including cachexia, circulatory collapse 

10 and shock resulting from acute or chronic bacterial 
infection, acute and chronic parasitic or infectious 
processes, including bacterial, viral and fxingal 
infections, acute and chronic immune and autoimmune 
pathologies, such as systemic lupus erythematosus and 

15 rheumatoid arthritis, alcohol- induced hepatitis, chronic 
inflammatory pathologies such as sarcoidosis and Crohn's 
pathology, vascular inflammatory pathologies such as 
disseminated intravasculeir coagulation, graft -versus -host 
pathology, Kawasaki's pathology and malignant pathologies 

20 involving TNF- secreting tumors. 

Such treatment comprises pafenterally administering 
a single or multiple doses of the antibody, fragment or 
derivative. Preferred for human pharmaceutical use are 
high affinity potent hTNFa- inhibiting and/or neutralizing 

25 murine and chimeric antibodies, fragments and regions of 
this invent ion - 

Monoclonal antibodies may be administered by any 
means that enables the active agent to reach the agent's 
site of action in the body of a mammal. In the case of the 

30 antibodies of this invention, the primary focus is the 
ability to reach and bind with TUP released by monocytes 
?>Tifi macrcqphages . Because proteins sure siibject to being 
digested when administered orally, parenteral 
administaration, i.e., intravenous , subcutaneous , 

35 intramuscular, would ordinarily be used to c^timize 
absorption. 
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Monoclonal antibodies may be adminiatered either as 
Individual therapeutic agents or in combination with other 
therapeutic agents. They can be administered alone, but 
are generally administered with a pharmaceutical Ccunrier 
5 selected on the basis of the chosen route of administration 
and standard pharmaceutical practice. 

The dosage administered will, of course, vary 
depending upon known factors such as the pharmacodynamic 
characteristics of the particular agent, and its mode and 

10 route of administration; age, health, cuid weight of the 
recipient; nature and extent of symptoms, kind of 
concurrent treatment, frequency of treatment, and the 
effect desired. Usually a daily dosage of active 
ingredient can be about O.l to 100 milligrams per kilogram 

15 of body weight. Ordinarily 0.5 to 50, and preferably 1 to 
10 milligrams per kilogram per day given in divided doses 
1 to 6 times a day or in sustaiined release form is 
effective to obtain desired results. 

Dosage forms (composition) suitable for internal 

20 administration generally contain from about 1 milligram to 
about 500 milligrams of active ingredient per unit. In 
these pharmaceutical conpositions the active ingredient 
will ordinarily be present in an amount of about 0.5-95% by 
weight based on the total weight of the composition. 

25 For parenteral administration, the antibody can be 

formulated as a solution, suspension, emulsion or 
lyophlllzed powder in association with a pharmaceuticejlly 
acceptable parentercLL vehicle. Examples of such vehicles 
are water, saline. Ringer's solution, dextrose solution, 

30 cuid 5% human serum albumin. Liposomes and nonaqueous 
vehicles such as fixed oils may also be used. The vehicle 
or lyophilized powder may contain additives that maintain 
isotonicity (e.g., sodiiam chloride, mannitol) and ch^nical 
stability (e.g., buffers and preservatives). The 

35 formulation is sterilized by commonly used techniques. 
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Sxiitable pharmaceutical carriers are described in the 
most recent edition of Remington's Pharmaceutical Sciences, 
A. Osol, a standard reference text in this field. 

For example, a parenteral composition suitable for 
5 administration by injection is prepared by dissolving 1.5% 
by weight of active ingredient in 0.9% sodium chloride 
solution. 

The antibodies of this invention can be adapted for 
therapeutic efficacy by virtue of their ability to mediate 

10 antibody-dependent cellular cytotoxicity (ADCC) and/or 
conplement- dependent cytotoxicity (CDC) against cells 
having TNF associated with their surface. For these 
activities, either an endogenous source or an exogenous 
source of effector cells (for ADCC) or conplement 

15 components (for CDC) can be utilized. The murine and 
chimeric antibodies, fragments and regions of this 
inv^tion, their fragments, and derivatives can be used 
therapeutically as immunoconjugates (see for review: 
Dillman, R.O., avnTi, mr.. Med- ±±±iE92-GQ2 (1989)). They 

20 rr *'^ be coupled to cytotoxic proteins, including, but not 
limited to Ricin-A, Pseudomonas toxin. Diphtheria toxin, 
^rtei TNF. Toxins conjugated to antibodies or other ligands, 
are known in the axt (see, for example, Olsnes, S. fit^al^, 
jjnmmnl . Todav 10:291-295 (1989)). Plant and bacterial 

25 toxins typically kill cells by disrupting the protein 
synthetic machinery. 

The antibodies of this invention can be conjugated 
to additional types of therapeutic moieties including, but 
not limited to, radionuclides, cytotoxic agents and drugs. 

30 Exasples of xradionuclides which can be coupled to 
antibodies and delivered in vivo to sites of antigen 
include ^Bi, ^^I, ^'^e, and which list is not intended 
to be eachaustive. The radionuclides esrart their cytotoxic 
effect by loccaiy irradiating the cells, leading to various 

35 intracellular lesions, as is known in the art of 
radiotherapy. 
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cytotoxic drugs which can be conjugated to antibodies 
and subsecpiently used for in vivo therapy include, but are 
not limited to, daunorubicin, doxorubicin, methotrexate, 
and Mitomycin C. Cytotoxic drugs interfere with critical 
5 cellular processes including DNZl, RIOl, and protein 
synthesis. For a fuller exposition of these classes of 
drugs which are known in the art, and their mechanisms of 
action, see Goodman, A.G., et alt. Goodman an^ ^-iij^n'^ iTfB 
PHARMACOLOGICAL BASIS OP THERAPEUTICS , 7th Ed., Macmillan 

10 Publishing Co., 1985. 

The antibodies of this invention may be 
advantageously utilized in combination with other 
monoclonal or murine and chimeric antibodies, fragments and 
regions , or with lymphokines or hemopoietic growth 

15 factors, etc., which serve to increase the nuxnber or 
activity of effector cells which interact with the 
smtibodies • 

The antibodies, fragments or derivatives of this 
invention may also be used in COTibination with TNF theirapy 

20 to block undesired side effects of TNF. Recent approaches 
to cancer therapy have included direct acJministration of 
TNF to cancer patients or immunotherapy of cancer patients 
with lymphokine activated killer (LAK) cells (Rosenberg et 
al,- New Eng. J. Med. 313 .1485-14^2 (1985)) or tiamor 

25 infiltrating lymphocytes (TIL) (Kumick et al, ( Clin, 
Immunol . Immunopath . 2fi:367-380 (1986); Kradin et al, , 
Cancer Immunol . Immunother . 24 2 76 > 85 (1987) ; Kradin sju^L.., 
Transplant. Proc. 20;336<^338 (1988) ) . Trials are currently 
underway using modified LAK cells or TIL which have been 

30 transfected with the TNF gene to produce large amounts of 
TNF. Such therapeutic approaches are likely to be 
associated with a number of undesired side effects caused 
by the pleiotropic actions of TNF which were described 
above. According to the present invention, these . side 

35 effects can be reduced by concurrent treatment of a subject 
receiving TNF or cells producing large amounts of TIL with 
the antibodies, fragments or derivatives of the present 
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invention. Effective doses are as described above. The 
dose level will require adjustment according to the dose of 
TNF or TNF-producing cells administered, in order to block 
side effects without blocking the main anti- tumor effect of 
5 TNF. One of ordinary skill in the art will know how to 
determine such doses without undue e3q)erimentation. 

The murine and chimeric antibodies, fragments and 
regions, fragments, or derivatives of this invention, 
attached to a solid support, can be used to remove TNP from 

10 fluids or tissue or cell extracts. In a preferred 
embodiment, they are used to remove TNF from blood or blood 
plcugma products. In another preferred embodiment, the 
murine and chimeric antibodies, fragments and regions are 
advantageously used in extracorporeal immunoadsorbent 

15 devices, which are known in the art (see, for exanqple, 
.Q^tm'nayfl in Hematoloav , Vol. 26 (2 Suppl. 1) (1989)). 
Patient blood or other body fluid is esqposed to the 
attached antibody, resulting in particil or complete removal 
of circulating TNF (free or in immune conplexes) , following 

20 ^rtiich the fluid is returned to the body. This 
immunoadsorption can be implemented in a continuous flow 
arrangement, with or without interposing a cell 
centrifugation step. See, for example, Terman, D.S. s£ 
al, , -T , TTTtfnnnolJ 117:1971-1975 (1976) . 

25 The present invention also provides the above 

antibodies, fragments and derivatives, detectably labeled, 
as described below, for use in diagnostic methods for 
detecting TNFa in patients known to be or suspected of 
having a THFa-mediated condition. 

30 The antibodies of the present invention are useful 

for immunoassays which detect or quantitate TNF, or 
anti -TNF antibodies, in a sample. An Immunoassay for TNF 
typically comprises incubating a biological sanqple in the 
presence of a detectably labeled high affinity antibody of 

35 the present invention capable of selectively binding to 
TNF, and detecting the labeled antibody which is bound in 
a sanple. Various clinicaa immunoassay procedures are 
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described In Imrminoassaya for the BO 'a, A. Voller et aJit> 
eds., Uixiversity Park, 1981. 

Thus, in this sispect of the invention, the antibody 
or a biological sanqple niay be added to nitrocellulose, or 
5 other solid support which is capable of immobilizing cells, 
cell paxticles or soluble proteins. The support may then 
be washed with suitable buffers followed by treatment with 
the detectably labeled TNF- specific antibody « The solid 
phase support may then be washed with the buffer a second 
10 time to remove unbound antibody. The amount of bound IcQ^el 
on said solid support may then be detected by conventional 
means • 

By "solid phase support" or "carrier" is intended suiy 
support capcUt>le of binding antigen or cuitibodies. 

15 Well-known supports or carriers, include glass, poly- 
styrene, polypropylene, polyethylene, ' dextran, nylon, 
axnylases, natural and modified celluloses, polyacrylamides, 
agaroses, cuid magnetite. The nature of the courrier Ccui be 
either soluble to some extent or insoluble for the purposes 

20 of the present invention. The support material may have 
virtually ciny possible structural configuration so long as 
the coupled molecule is capable of binding to TNF or an 
anti-TNP antibody. Thus, the support configuration may be 
spherical, as in a bead, or cylindrical, as in the inside 

25 surface of a test tube, or the external surface of a rod. 
Alternatively, the surface may be flat such as a sheet, 
test strip, etc. Preferred supports include polystyrene 
beads. Those skilled in the axt will know mcuiy other 
suitable carriers for binding smtibody or amtigen, or will 

30 be able to ascertain the same by use of routine 
esqperimentat ion . 

The binding activity of a given lot of anti-TaiP 
antibody may be determined according to well known methods • 
Those skilled in the art will be able to determine 

35 operative and optimal assay conditions for each determina- 
tion by ennploying routine experimentation. 
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one of the ways in which the TNF-specific antibody- 
can be detectably labeled is by linking the same to an 
enzyxne and use in an enzyme immunoassay (BIA) , or 
enzyme-linked immunosorbent assay (BLISA) . 15118 enzyme, 

5 idien stJbsequfflitly eaqposed to its 

substrate, will react with the substrate generating a 
chemical moiety tdxich can be detected, for exaiaple, by 
spectrpphotometric, fluorometric or by visual means. 
Enzymes which can be used to detectably label the 

10 raiP-speciflc antibodies of the present invention include, 
but are not limited to, malate dehydrogenase, 
staphylococcal nuclease, delta- 5 -steroid isomerase, yeast 
alcohol dehydrogenase, alpha- glycerophosphate 
dehydrogenase, triose phosphate isomerase, horseradish 

15 peroxidase, alkaline phosphatase, asparaginase, glucose 
oxidase, beta-galactosidase, ribonuclease, urease, 
catalase, glucose -6 -phosphate dehydrogenase, glucoanylase 
p ^ rui acetylcholinesterase. 

By radioactively labeling the TNF-specific anti- 

20 bodies, it is possible to detect TNF through the use of a 
radioimmunoassay (RIA) (see, for example. Work, T.S., s£ 
7 , pHo,-^i-nTV T °>->.T,^n.^Pa and Bi op.hemigtTTy in VtQl^cyX^T^ 
pioloav . North Holland Publishing Company, N.Y. (1978). 
The radioactive isotope can be detected by such means as 

25 the use of a gamma counter or a scintillation counter or by 
autoradiography. Isotopes which are particularly^ useful 
for the purpose of the present Invention are: 'H, ^I, 1, 
»S, **C, and, preferably, "'l. 

It is also possible to label the TNP-specific 

30 antibodies with a fluorescent compound. When the 
fluorescent labeled antibody is exposed to light of the 
proper wave length, its presence can then be detected due 
to fluorescence. Among the most commonly used fluorescent 
labelling confounds are fluorescein isothiocyanate, rhoda- 

35 mine, phycoerythrin, phycocyanin, allophycocyanin, 
a-phthaldehyde and fluorescamine. 
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The TNF-specific cuitibodies Ccui also be detectably 
labeled using fluorescence-emitting metals such as ^Bu, or 
others of the lanthanlde series. These metsLLs can be 
attached to the TNF- specific antibody using such metal 
5 chelating groups as dlethylenetrlaminepentaacetlc acid 
(DTPA) or ethyl enedlamlne-tetraacetic acid (EDTA) • 

The TNF- specific eintlbodles also can be detectably 
labeled by coupling to a chemllxmlnes cent confound. The 
presence of the chemllumlnescently labeled antibody Is then 

10 determined by detecting the presence of luminescence that 
arises during the course of a chemlccQ reaction. Bxanples 
of particularly useful chemllumlnescent labeling carqpouhds 
are lumlnol, Isolumlnol, theroroatlc acridlnlum ester. 
Imidazole, acrldlnlxna salt and oxalate ester. 

15 Likewise, a blolumlnescent conpound may be used to 

label the TNF -specific antibody, fragment or derivative of 
the present Invention. Blolumlnescence Is a type of 
chemi luminescence found In biological systems In which a 
catalytic protein Increases the efficiency of the 

20 chemi lumlnes cent reaction. The presence of a bloluml- 
nescent protein is determined by detecting the presence of 
luminescence. Inqportant bioluminescent COTtpounds for 
purposes of labeling are luclferln, luclferase and 
aeguorln. 

25 Detection of the TNP-speclflc antibody, fragment or 

derivative may be accomplished by a scintillation counter, 
for exazqple, if the detectable label is a radioactive gamma 
emitter, or by a fluorometer, for example, if the label is 
a fluorescent material. In the case of an enzyme label, 

30 the detection cam be acconqplished by colorometrlc methods 
which employ a substrate for the enzyme. Detection may 
also be accomplished by visual conqpaxison of the extent of 
enzymatic reaction of a substrate in comparison with 
similarly prepared standards. 

35 For the purposes of the priasent invention, the TNF 

which is detected by the above assays may be present in a 
biological sairqple. Any sasqple containing TNF can be used. 
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Preferably, the sanple is a biological fluid sucli as, for 
exaii5)le, blood, serum, lynph, urine, inflammatory exudate, 
cerebrospinal fluid, amniotic fluid, a tissue extract or 
homogenate, and the like. However, the invention is not 
5 limited to assays using only these samples, it being 
possible for one of oixiinary skill in the art to determine 
suitable conditions which allow the use of other samples. 

In situ detection may be accomplished by removing a 
histological specimen from a patient, and providing the 

10 combination of labeled antibodies of the present invention 
to such a specimen. The antibody (or fragment) is 
preferably provided by applying or by overlaying the 
labeled antibody (or fragment) to a biological sanple. 
Through the use of such a procedure, it is possible to 

15 determine not only the presence of TNF but also the 
distribution of TNF in the examined tissue. Using the 
present invention, those of ordinary skill will readily 
perceive that any of a wide variety of histological methods 
(such as staining procediires) can be modified in order to 

20 achieve such in situ detection. 

The antibody, fragment or derivative of the present 
invention may be adapted for utilization in an immunometric 
sissay, also known as a "two-site" or "sandwich" assay. In 
a typical immunometric assay, a quantity of unlabeled 

25 antibody (or fragment of antibody) is boimd to a solid 
support that is insoluble in the fluid being tested and a 
quantity of detectably labeled soluble antibody is added to 
permit detection and/or quantitation of the ternary conqplex 
formed between solid-phase antibody, antigen, and labeled 

30 antibody. 

Typical, and preferred, immunometric assays include 
"forward" assays in which the antibody bound to the solid 
phase is first contacted with the sanqple being tested to 
extract the TNF from the sample by formation of a binary 

35 solid phase antibody- TNF conplex. After a suitable 
incubation period, the solid support is washed to remove 
the residue of the fluid sample, including xinreacted TNF, 
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i£ any, and then contacted with the solution containing a 
known quantity of labeled antibody (which functions as a 
"reporter molecule") . After a second Incubation period to 
permit the labeled antibody to complex with the TNF bound* 
5 to the solid support through the unlabeled antibody, the 
solid support Is washed a second time to remove the 
unreacted labeled antibody. This type of forward sandwich 
assay may be a simple "yes/no" assay to determine whether 
TNF is present or may be znade quantitative by comparing the 

10 measure of labeled antibody with that obtained for a 
standard sample containing known quantities of TNF. Such 
"two-site" or "ssuidwlch" assays are described by Hide 

(SS^iaismms Assay Method. Klrkham, ed., E. & S. 

Livingstone, Edinburgh, 1970, pp« 199-206) . 

15 Other type of "sandwich" assays, which may'ctLso be 

useful with TNF, axe the so-called "simultaneous" and 
"reverse" assays. A simultameous assay involves a single 
incubation step wherein the antibody bound to the solid 
support and labeled antibody are both added to the sample 

20 being tested at the same time. After the incubation is 
coopleted, the solid support is washed to remove the 
residue of fluid sample and uncomplexed labeled antibody. 
The presence of labeled antibody associated with the solid 
support is then determined as it would be in a conventional 

25 "forward" Scuidwich assay. 

In the "reverse" assay, stepwise addition first of 
a solution of Icdaeled euitibody to the fluid sample followed 
by the addition of unlabeled antibody boimd to a solid 
support after a suitable Incubation period, is utilized. 

30 After a second incubation, the solid phase is washed in 
conventional fashion to free it of the residue of the 
sanqple being tested and the solution of unreacted labeled 
antibody. The determination of labeled antibody associated 
with a solid support is then determined as in the 

35 "simultaneous " and "forward" assays. In one embodiment, a 
combination of antibodies of the present invention specific 
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for separate epitopes may be used to construct a sensitive 
three- site imraunoradiometric assay- 

Having now generally described the invention, the 
same will be further understood by reference to certain 
5 specific exanples which are included herein for purposes of 
illustration only and are not intended to be limiting 
imless otherwise specified. 



PTv^diiction a Mouse Anti-Human TWF mAb 

XO To facilitate clinical study of TNF mAb a 

high-affinity potent inhibiting and/or neutralizing mouse 
anti-human TNF IgGl mAb designated A2 was produced. 
PemaLLe BALB/c mice, 10 weeks did, were obtained from the 
Jackson Laboratory {Bar Harbor, ME) . Forty fig of purified 

15 E, coli -derived recombinant human THP (rhTNF) emulsified 
with an equal volume of complete Frexmd's adjuvant 
(obtained from Difco Laboratories) in 0.4 ml was injected 
subcutaneously and intraperitoneally (i.p.) into a mouse. 
One week later, an injection of 5 /ig of rhTNF in incomplete 

20 Freund's adjuvant was given i.p. followed by four 
. consecutive i.p. injections of 10 ^g of TNF without 
adjuvant. Eight weeks after the last injection, the mouse 
was boosted i.p. with 10 fig of TNF. 

Four days later, the mouse was sacrificed, the spleen 

25 was obtained and a spleen cell suspension was prepared. 

Spleen cells were fused with cells of the nonsecreting 
hybridoma, Sp2/0 (ATCC C31L1581) , at a 4:1 ratio of spleen 
cells to Sp2/0 cells, in the presence of 0.3 ml of 30% 
polyethylene glycol, PEG 1450. After incubation at 37«C 

30 for 6 hours, the fused cells were distributed in 0.2 ml 
aliquots into 96 -well plates at concentrations of 2 x 10* 
SP2/0 cells per well. Feeder cells, in the form of 5 x 10* 
normal B2kLB/c spleen cells, were added to each well. 
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The growth medliun used consisted of RPMl-1640 medliim, 
10% heat -Inactivated fetal bovine serum (FBS) (Hyclone) , 
0;i idM mem nonessential amino acids, 1 nM sodium pyruvate, 
2bH L-glutamlne, 100 U/ml penicillin, 100 
5 streptomycin (GIBCO Laboratories) and, for selection, 
hypoxanthlne-aminopterln- thymidine (H2^T) (Boehrlnger 
Mannheim) • 

A solid-phase radioimmunoassay (RIA) was enployed for 
screening supematcmts for the presence of mAbs specific 

10 for rhTNFa^ This assay is described in Example II, below. 

The background binding in this assay was about 500 cpm. A 
supernatant was considered positive if it yielded binding 
of 2000 cpm or higher. 

Of 322 supematants screened, 25 were positive by 

15 RIA. Of these 25, the one with the highest binding (4800 
cpm) was designated A2. Positive wells were subcloned at 
limiting dilution on mouse feeder cells. Upon further 
analysis of the supernatants in neutralization assays, A2 
was found to be the only positive clone showing potent 

20 inhibiting and/or neutralizing activity. Thus, the 
hybridoma line A2 was selected. This line was maintained 
dLn RPMl-1640 medium with 10% FBS (6IBCX5) , 0.1 mM 
nonessential amino acids, 1 xnM sodium pyruvate, 2 znM 
L-glutamlne, 100 U/ml penicillin and 100 iig/mL 

25 streptomycin. 

Alternatively, antl-TNF antibodies which inhibit TNF 
biological activity can be screened by binding to peptide 
including at least 5 amino acids of residues 87-108 or both 
residues 59-80 and 87-108 of TNF (of SEQ ID N0:1) or 

30 coniblnations of peptides contained therein, which are used 
In place of the rTNF protein, as described above. 

mMP^^B TI 

CbayacteyAsfttjnP^ q£ an Anti-TNF antibody 
Qg th^ preggpt i^vent;ip^, 
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Tg. coli -derived rUTBP was diluted to 1 pg/ml in BCB 
buffer, pH 9.6, and 0.1 ml of the solution was added to 
each assay well. After incubation at 4-C overnight, the 
wells were washed briefly with BCB, then sealed with 1% 
5 bovine serum albumin (BSA) in BCB at ST-C for 1 hr. The 
wells were then washed 3 times with PBS containing 0.05% 
Tween-20 (PBS-Tween) , and 70 ^1 diluted A2 ascites fluid 
was added to each well. The wells were incubated for 2 hr 
at 37-C, and washed 3 times with PBS-Tween. Thereafter, 

10 approximately 50,000 cpm of "'l-labeled F(ab' )2 fragment of 
Sheep anti-mouse Ig antibodies in 50 /il of PBS-Tween 
containing 1% BSA was added to each well, and the wells 
were incubated for an additional 2 hr at 37-C. The wells 
were washed 4 times with PBS-Tween, cut out and counted 

15 individually. Results of two determinations are shown in 

Figtire 1. 

rhTNF at 5 113/mL in PBS was heated to 60«»C. At 
various time points, aliquots of the heat-treated TNF 



preparation were quickly cooled to 40c, diluted 5-fold xn 
20 BCB, and used to coat the RIA microplate wells. The RIA 
was carried out exactly as described above. Results from 



30 
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two determinations are shown in Figure 2. As incubation at 
eo-C substantially reduced the biological activity of 
hTNFa, this experiment shows mftb A2 fails to bind 
25 beat -inactivated human TNFa. 
B. y ^itrald ^'*<-T"T^ Assays 

samples of A2 and cA2 were purified by protein A 
affinity chromatography from l^bridoma tissue culture 
supematants of cell lines designated C134A and C168A 
(described above), respectively, and diafiltered in 
phosphate buffered saline pH 7.2 . (PBS) . 

The toxic effect of TNF on certain tumor cell lines 
has been adapted as an in v^tro measure of TNF levels in 
laboratory san^jles and biological fluids. The assay method 
of Feinman ^f- al. . J ImffiUnQ^ i2a:635-640 (1987), as 
modified by Aderka et al.> .J. TTT«nunQl. 141:3517-3523 
(1989), employing the TNP-sensitive target cell A673 (a 
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hiunsui rbabdomyosarcQma cell line) ^ was used to investigate 
the ability of A2 to inhibit or neutralize TNF toxicity. 

Cultured human A673/6 cells were incubated with 
40 pg/xnl of natural (Genzyme, Boston, VSk) or recombinant 
5 (Suntory, Osaka, Japan) human TNFa with varying 
concentrations of mAb A2 in the presence of 20 ^tg/ml 
cycloheximide at 39 °C overnight. Controls included medium 
alone or medium + TNF in each well. Cell death was 
measured by staining with naphthol blue-black, and the 

10 results read spectrophotometrlcally at 630 nm. Absorbance 
at this wave length correlates with the nimiber of live 
cells present. 

It was found that A2 inhdLbited or neutralized the 
cytotoxic effect of both natural and rhTNF in a 

15 dose-dependent manner (Figure 3) . 

In another experiment, the specificity of this 
inhibiting and/ or neutralizing activity was tested. A673/6 
cells were seeded at 3 x 10^ cells/well 20 hr before the TNF 
bioassay. Two- fold serial dilutions of rhTNF, £^ 

20 £Qli-derived recombinant human lymphotoxin (TNFS) , and E. 
fiSlA- derived recombinant xmirine TNF were prepared. The A2 
hybridoma supernatant was added to an equal volixcne of the 
diluted TNF preparations, and the mixtures were incubated 
at room temperature for 30 min. Aiicjuots of 0.1 ml were 

25 transferred to the wells containing A673/6 cells, 20 /ig/iiL 
of cycloheximide was added, and the cells were incxibated at 
39 ®C overnight. The cells were then fixed and stained for 
evaliiation of cytotoxicity. The results indicate that mAb 
A2 specifically inhibited or neutralized the cytotoxicity 

30 of rhTNFa, whereas it had no effect on human lynqphotoxin 
(TNFS) (Figure 4) or murine TNF (Figure 5). 

Bsqperiments were next performed . to analyze the 
cross -reactivity of mAb A2 with TNF derived from non-hiunan 
primates. 

35 Monocytes isolated from B514 (baboon) , J91 (cynomolgus) and 
RIO 83 (rhesus) blood by Ficoll gradient centrifugation and 
adherence, were inctibated at 1 x 10^ cells/well in RPHl 1640 
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medium with 5% FBS and 2 fig/ml of E. coll LPS for 3 or 16 
hr at 37**C to iBduce TNF production. Supematants from 
duplicate wells were pooled and stored at 4**C for less than 
20 hr until the THF biosLssay was perfofrmed, as described. 
5 above, xxsing A673/6 cells. Two-fold dilutions of the 
culture supematants were nixed with either meditim or 
purified mftb A2 at a final concentration of 1 fig/xnl, 
incubated at room tenoperature for 30 min and aliquots 
transferred to the indicator cells. The results showed 

10 that mAb A2 failed to significantly inhibit or neutralize 
the cytotoxic activity of TNF produced by baboon, 
cynomolgus and rhesus monkey monocytes. 

A further experiment was conducted with chimp anzee 
TNF- Monocytes isolated from CH563 (chiiqpanzee) blood were 

15 incubated as described above to generate TNF- containing 
strpematants. The ability of 10 ^g/ml of mftb A2 to inhibit 
or neutralize the bioactivity of these supematants was 
assayed as above. Human IMF was used as a positive 
control. Results, shown in Figure 6, indicate that mAb A2 

20 had potent inhibiting and/or neutralizing activity for 
chiii5)anzee TNF, similar to that for human TNF (Figure 7) . 

The inhibiting and/or neutralizing activity of mAb 
A2 was compared with three other murine mAbs specific for 
human TNF, termed TNF-1, TNF-2 and TNF-3, and a control 

25 mAb. Two -fold serial dilutions of purified mAbs were mixed 
with rhTNF (40 pg/ml) , incubated at room temperature for 30 
min, r*"<^ aliquots tested for TNF bioactivity as above. It 
was foimd that mAbs TNF-1, TNF-2 and TNF-3 each had a 
slmilcu: moderate degree of inhibiting and/or neutralizing 

30 activity. In contrast, itiKb A2 had much more potent 
inhibiting and/or neutralizing activity. 

General Strateov fo r Cloning Antibodv V and C Genes 

The strategy for cloning the V regions for the H and 
35 L chf^ip genes from the hybridoma A2, which secretes the 
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emtl-TNF antibody described above, was based upon the 
linkage in the genome between the V region and the 
corresponding J (joining) region for ftmctionally 
rearreuiged (and expressed) Ig genes. J region DMA probes 
5 can be used to screen genomic libraries to isolate DNA 
linked to the J regions. Although DNA in the germline 
configuration (i*e., unreairranged) would also hybridize to 
J probes, this DNA would not be linked to a Ig V region 
sequence and can be identified by restriction enzyme 

10 analysis of the isolated clones. 

The cloning utilized herein was to isolate V regions 
from rearranged H cuid L chain genes using Jh and probes. 
These clones were tested to see if their sequences were 
expressed in the A2 hybridoma by Northern analysis . Those 

15 clones that contained expressed sequence were cloned into 
expression vectors containing human C regions and 
transf ected into mouse myeloma cells to determine if an 
antibody was produced. The antibody from producing cells 
was then tested for binding specificity and functionally 

20 compared to the A2 murine antibody. 

CoRBtrugtAQQ o£ a Ci^^in genomig iiibar^ry 

To isolate the L chain V region gene from the A2 
hybridoma, a size-selected genomic library' was constructed 

25 using the phage lambda vector charon 27. High molecular 
weight DNA was isolated from A2 hybridoma cells and 
digested to coznpletion with restriction endonuclease 
HiOdlll* The DNA was then fractionated on a 0.8% agarose 
gel cuid the DNA fragments of three different size ranges of 

30 approximately 3 Kb, 4 kb and 6 kb were isolated from the 
gel by electroelution. The size ranges for library 
construction were chosen based upon the size of Hind lll 
fragments that hybridized on a southern blot with the 
probe. After phenol/chloroform extraction and ethanol 

35 precipitation, the DNA fragments from each size class were 
ligated with lambda charon 27 arms and packaged into phage 
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particles in vitro using Gigapack Gold from Stratagene 

(LaJolla, CH) • 

These libraries were screened directly at a density 
of approximately 20 , 000 plaques per 150 ram petri dish using 
5 a ^P- labeled probe. The mouse L c h a in probe was a 2.7 
Kb ffisfilll fragment containing all five segments. The 
probe was labeled with by random priming using a kit 
obtained from Boehringer Mannheim. Free nucleotides were 
removed by centrifugation through a Sephadex 6-50 column. 
10 The specific activities of the probe was approximately 10^ 
cpm/fig. 

Plaque hybridizations were carried out in 5x SSC^ 50% 
formamide^ 2x Denhardt's reagent, and 200 /ig/ml denatured 
ScLlmon sperm DNA at 42**C for 18-20 hours. Final washes 
15 were in 0.5x SSC, 0.1% SDS at 65*»C. Positive clones were 
identified after autoradiography. 

Construction of H Chain Genomic Library 
To isolate the V region gene for the A2 H chain, a 
20 genomic library was constructed in the lambda gtlO vector 
system^ High molecular weight DNA was digested to 
conpletion with restriction endonuclease EcqSI and 
fragments of approximately 7.5 kb were isolated after 
agarose gel electrophoresis. These fragments were ligated 
25 with lambda gtlO arms and packaged into phage particles ia 
vitro using Gigapack Gold. 

This library was screened at a density of 20,000 
plaques per 150 mm plate iising a Jh probe. The Jh probe was 
a 2kb BamHI /BcoSI fragment containing both J3 and J4 

30 segments. 

The probe was labeled sis in Example III and had a similar 
specific radioactivity. Hybridization and wash conditions 
were identical to those used in Example III. 
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Cloning of the TWF- Specific V aene reaiona 
Several positive clones were isolated from the H and 
L chain libraries after screwing approximately 10^ plagues 
5 from each library using the Jh and probes, respectively. 
Following plague purification, bacteriophage DNA was 
isolated for each positive clone, digested with either 
EcoR I (H chain clones) or Hind lll (L chain clones) and 
fractionated on 1% agarose gels. The DNA was transferred 

10 to nitrocellulose and the blots were hybridized with the 
or the Jk probe. 

Several H chain clones were obtained that contained 
7.5 kb ££qEI DMA fragments that hybridized to the Jh probe. 
For the light chain libraries, several clones from each of 

15 the three size -selected libraries were isolated that 
contained fiiadl^^ fragments that hybridize to the probe. 
For the L chain, several independently derived Hindl ll 
fragments of 2.9 kb from the 2 kb library hybridized with 
a 1250 bp TtSBNA from A2, but not with SP2/0 TtiBNA (see 

20 Example VII) . In addition, several Hind lll fragments 
derived from the 4 kb library hybridized both to the A2 
mRNA and the fusion partner mRNA. A 5.7 kb Hind lll 
fragment from the 6 kb library did not hybridize to either 
RNA. 

25 The observed lengths of hybridizing A2 mRNA were the 

correct sizes for H and L chain inRNA, respectively. 
Because the RNA expression was restricted to the A2 
hybridoma, it was assumed that the 7.5 kb H chain fragments 
and the 2.9 kb L chain fragments contained the correct V 

30 region seguences from A2. One example of each type was 
chosen for further study. The ixrportant functional test is 
the demonstration that these V regions sequences, when 
combined with appropriate C region seguences, are capable 
of directing the synthesis of an antibody with a 

35 specificity and affinity similar to that of tiie murine A2 
antibody. 
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The 7.5 kb H chain fragment and the 2.9 kb L chain 
fragment were subcloned into plasmid vectors that allow 
expression of the chimeric mouse/human proteins in murine 
nyeloma cells (see Examples VIII and IX) . These plasmids 
5 were co-transfected into SP2/0 cells to ascertain if intact 
antibody molecules were secreted, and if so, if they were 
6f the correct specificity and affinity. Control 
transfections were also performed pairing the putatxve 
anti-TNF H chain with an irrelevant, but expressed, L 

10 chain; the putative anti-TNF L chain was also paired with 
an irrelevant, but expressed, H chain. The results 
indicated that the 7.5 kb H chain fragment could be 
e5,ressed, whereas the 2.9 Kb L chain fragment could not. 
This was confirmed by DNA sequence analysis that suggested 

15 portions of the coding region were not in the proper amino 
acid reading frame when con5>ared to other known L chain 

amino acid sequences. 

Because the 2.9 kb Binfllll fragment appeared not to 
contain a functional V gene, the 4.0 kb and 5.7 kb HiSJUII 

20 frainents isolated from L chain libraries were cloned into 
expression vectors and tested for expression of chimerxc 
antibody after co- transf ection with the 7.5 kb H chain. 
The 5.7 kb aiadlll fragment was incapable of supporting 
antibody expression, whereas the 4.0 kb SiS^H fragment 

25 did support antibody expression. The antlDody resulting 
from the co- transf ection of the 7.5 kb putative H chain V 
region and the 4.0 kb L chain V region was purified, tested 
in solid phase TNP binding assay, and found to be inactive. 
It was concluded that the V region contained on the 4.0 kb 

30 Wl P'^-^-^^ fragment was not the correct anti-TNF V regions, 
but was contributed to the hybridoma by the fusion partner. 
This was subsequently confirmed by sequence analysis of 
dDSK derived from the A2 hybridoma and from the fusion 

partner. , . 

35 Other independently derived L chain clones contaxnxng 

2 9 kb Hindlll fragments that hybridized with A2 mRNA were 
characterized in more detail. Although the restriction 
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maps were similar, the clones fell into two classes with 
respect tot the presence or absence of cui Acc I enzyme site. 
The original (non-fxinctional) 2.9 kb fragment (designated 
clone 8.3) was missing cm ^C£Ll site present in some other 
5 clones (represented by clone 4.3)* The DNA. sequence of 
clone 4.3 was extremely similar to clone 8.3, but contained 
a single amino acid reading frame with close homology to 
known L chains, unlike clone 8.3. The 2.9 kb fiin^II 
fragment from clone 4.3 was subcloned into the L chain 

10 esqpression vector and co- transf ected with the putative 
cUiti-TNF H chain into SP2/0 cells. An antibody was 
synthesized, purified and tested in the solid phase TSF 
binding assay. This antibody bound to TNF, and therefore, 
the clone 4.3 L chain V region was assumed to be the 

15 correct one. 

The A2 murine hybridoma has been shown to contain at 
least four rearranged L chain V region genes. At learnt two 
of these are expressed as proteins: clone 4.3 (the correct 
anti-TNF L chain gene) and the gene contained in the 4.0 kb 

20 Slndlll fragment (contributed by the fusion partner) . The 
expression of two L chains implies that the resulting 
antibody secreted from the xmirine hybridoma is actually a 
mixture of euitibodies, some using the correct L chain, some 
using the incorrect L chain, and some using one of each. 

25 The presence of two different L chains in the murine A2 
antibody has been confirmed by SDS gel and N- terminal 
protein sequence analysis of the purified antibody. 
Because construction of the chimeric A2 sintibody involves 
cloning the individual H and L chain genes and expressing 

30 them in a non-producing cell line, the resulting antibody 
will have only the correct L chain and therefore should be 
a more potent antibody (see Exaxqples X, XI suid XII) . 

PXMfPLB vyi 

^Qirtnen) ftTi^^lynis of QlQn^<i Pna 
35 Cloned DNA corresponding to the authentic H anri l 

chain V regions from the A2 hybridoma would be expected to 
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hybridize to A2 mRNA- Non- f xinctional DNA rearrangements at 
either the H or L chain genetic loci should not be 
expressed. 

Ten iig total cellular RNA was subjected to 
5 electrophoresis on 1% agarose/formsildehyde gels (Sainbrook 
et al . supra ) and transferred to nitrocellulose. Blots 
were hybridized with random primed DNA probes in 50% 
formamide, 2x Denhardt's solution, 5x SSC, and 200 |ig/ml 
denatured salmon sperm DNA at 42**C for 10 hours. Pinal 

10 wash conditions were 0.5 x SSC, 0.1% SDS at 65 «C. 

The sxibcloned DNA fragments were labeled with by 
random priming and hybridized to Northern blots containing 
total RNA derived from A2 cells or from cells of SP2/0, the 
fusion partner parent of A2. The 7.5 kb EcoRI H c h ai n 

15 fragment hybridized with a 2 kb mRNA from A2, but not with 
SP2/0 mRNA. Similarly, the 2.9 kb L chain Hindlll fragment 
(clone 4.3) hybridized with a 1250 bp mRNA from A2, but not 
with SP2/0 mRNA. The observed lengths of A2 mRNA 
hybridizing were the correct sizes for H and L ch a i n nfiNA, 

20 respectively, confirming that the V region sequences on 
these DNA fragments axe expressed in A2 hybridoma cells. 

EXftMPLB VIII 
Construction of Expression Vectors 
The putative L (clone 4.3) and H chain V genes 
25 described above were joined to human kappa and gammal 
constant region genes in expression vectors. The 7.5 kb 
EcoRI fragment corresponding to the putative Vh region gene 
from A2 was cloned into an expression vector contaixaing the 
human C^^,^ gene and the Ecogpt gene to yield the plasmid 
30 designated pA2HGlapgpt (see Figure 8) . 

ThB 2.9 kb putative V^ fragment from clone 4.3 was 
cloned into a vector containing the hinnan kappa gene and 
the Ecogpt gene to allow selection in mammalicui cells-. The 
resulting plasmid was designated pA2HuKapgpt (See Figiire 
35 8). • 
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Expression of Chimeric Antibody Genes 
To escpress the chimeric H and L chain genes, the 
esqpression plasmids were transfected into cells of the 
5 non-producing mouse myeloma cell line, SP2/0. Plasmid PNA 
to be transfected was purified by centrifuging to 
equilibrium in ethidium bromide/ cesium chloride gradients 
twice. Plasmid DNA (10-50 ng) was added to lO'' SP2/0 cells 
in medium containing Hank's salts, and the mixture was 
10 placed in a BioRad electroporation apparatus. 
Electroporation was perfprmed at 20 volts, following which 
the cells were plated in 96 well microtiter plates. 

Hycophenolic acid selection was applied after 24 
hours and drug resistant colonies were identified after 1-2 
15 weeks. Resistant colonies were expanded to stGdt>le cell 
lines and tissue culture supernatant from these cell lines 
was tested for antibody using an ELISA assay with goat 
anti-human Ig6 Fc antibody cmd goat anti-human H-i-L 
conjugated with alkaline phosphatase (obtained from Jackson 
20 Laboratories) . 

The chimeric A2 antibody was purified from tissue 
cultiire supematant by Protein A- Sepharose chromatography. 
The supematant was adjusted to O.IM Tris, 0.002M EDTA, pH 
8.0 and loaded on a Protein A- Sepharose column equilibrated 
25 in the same buffer. The Ig6 was eluted with O.IM citrate, 
pH 3.5, inhibited or neutralized with IM Tris, and dlalyzed 
into phosphate buffered saline (PBS) . 

The purified chimeric antibody was evaluated for its 
binding and Inhibiting and/or neutralizing activity. 

30 RlftMPTiF ^ 

Specif icitv of an Anti-TNF Chimeric Antibody 
Since the antigen binding domain of cA2 was derived 
from murine A2 , these mAbs would be expected to coxq>ete for 
the same binding site on TNF. Fixed concentrations of 
35 chimeric A2 and murine mAb A2 were incxibated with 
increasing concentrations of murine and chimeric A2 
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competitor, respectively, in a 96-well microtiter plate 
coated . with rhTNP (Daiixippon, Osaka, Japan) . 
Alkaline-phosphatafie conjugated anti-human immunoglobulin 
and anti-mouse immunoglc*ulin second antibodies were used 
5 to detect the level of binding of chimeric and murine A2, 
respectively. Cross -competition for TNF antigen was 
observed in this solid-phase ELISA format (Figure 9) . This 
finding is consistent with the esq^cted identical epitope 
specificity of cA2 and murine A2. 

The affinity constant for binding of mouse mAb A2 and 
cA2 to rhTHFa was determined by Scatchard analysis (see, 
for example, Scatchard, 6., ann w y. Acad. Sci. £1:660 
(1949)). The resiilts cire shown in Figure 10. This 
analysis involved measuring the direct binding of 

15 labelled cA2 to immobilized rhTNPof in a 96-well plate. The 
antibodies vere each labelled to a specific activity of 
about 9.7 iiCi./iig by the lodogen method. An eiffinity 
constant (Ka) of 0.5 x lO' liters/mole was ceaculated for 
the mouse mab A2. Unesqpectedly, the chimeric A2 antibody 

20 had a higher affinity, with a Ka of 1.8 x lO' liters/mole. 
Thus, the chimeric anti-TNFa antibody of the present 
invention was shown to exhibit a significantly higher 
affinity of binding to human TNFa than did the paurental 
murine A2 mAb. This finding was surprising, since murine 

25 and chimeric antibodies, fragments and regions would be 
expected to have affinities that eu:e equal to or less than 
that of the parent mflb. 

Such high affinity anti-TNF antibodies, having 
affinities of binding to TNFa of at least l x 10» K^, more 

30 preferably at least l x 10* IT* (eaqpressed as Ka) are 
preferred for immunoassays which detect very low levels of 
TNF in biological fluids. In addition, anti-TNF antibodies 
having such high affinities are preferred for therapy of 
TNF-tt-mediated conditions or pathology states. 

35 The specificity of cA2 for TNF was confirmed by 

testing for cross -neutralization of human lyn5)hotoxin 
(THF-fi) . Lyn5)hotoxin shares some sequence homology and 
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certain biological activities, for example, tumor cell 
cytotoxicity, with TNF (Pexmlca, D. et al > , Nature 
112:724-729 (1984)). Cultured human A673 cells were 
incubated with increasing concentrations of human 
5 lyiiphotoxin (Genentech, San Francisco, CA) with or without 
4 /ig/ml chimeric A2 in the presence of 20 /ig/ml 
cycloheximide at 39 overnight. Cell death was measured 
by vital staining with naphthol blue-black, as above. The 
results indicated that cA2 was ineffective at inhibiting 

10 and/or neutralizing human lynphotoxin, confirming the 
TNF(X- specif Icity of the chimeric antibody. 

The ability of A2 or cA2 to react with TOP from 
different animal species waB also evaluated. As mentioned 
earlier, there are multiple epitopes on human TNF to which 

15 inhibiting and/or neutralizing mAbs will bind (Mbller, A. 
. et al . , supra ) . Human TNF has bloactivity in a wide range 
of host animal species. However, certain inhibiting smd/or 
neutralizing epitopes on human TNF are conserved amongst 
different animal species and others appear to bei restricted 

20 to humans and chin^anzees. 

Neutralization experiments utilized 
endotoxin-activated cell supematants from freshly isolated 
human, chingpauizee, rhesus emd cynomolgus monkey, baboon, 
pig, dog, rabbit, or rat monocytes as the TNF source. As 

25 discussed above, xmirlne mAb A2 inhibited or neutralized 
activity of only human and chimpanzee TNF, and had no 
effect on TNF derived from other primates and lower 
animals. A2 also did not inhibit or neutralize the 
cytotoxic effect of recombinant mouse TNF. 

30 Thus, the epitope recognized by A2 is one shared by 

human and chiii^anzee TNFof. Chimeric A2 was also tested in 
this manner for cross -reactivity with monocyte -derived TNF 
from rat, rabbit, dog and pig, as well as with purified 
recombinant mouse TNFo;, and natural and recombinant . human 

35 TSFa. Chimeric A2 only inhibited or neutralized natural 
and recombinant human TNFof. Therefore, cA2 appears to 
share species specificity with murine A2. 
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^ m,^«,oY-4r Anti-TWF Antibpdy 

Both the murine and chimeric anti-TNFa antibodies, 
A2 and ca2 were determined to have potent TNF- inhibiting 
and/or neutralizing activity. In the TNF cytotoxicity 
assay described above, murine A2, at a concentration of 
about 125 ng/ml con5)letely inhibited or neutralized the 
biological activity of a 40 pg/ml challenge of rhTNFa. 'Two 
separate determinations of inhibiting and/or neutralizing 
potency, expressed as the 50% inhibitory Dose (ID50) were 
determined to be 15.9 ± 1.01 and 17.9 ± 1.6 ng/ml (Mean ± 
Std error) . Thus the mftb A2 has an ID50 of about 17 ng/ml. 

m this same experimental system, three other murine 
anti-TNPoe antibodies (termed TNP-l, TNP-2 and TNF-3) of 
con5)arable binding affinity to TNP were found to have ID50 
values of 1-2 orders of magnitude greater, and thus were 
significantly less potent in neutralization than a2. 

Tlie ability of ca2 to inhibit or neutralize human 
TOPa bioactivity -in vitro was tested using the bioassay 
system described above. Cultured A573 cells were incubated 
with 40 pg/ml natural (Genzyme, Boston, MA) or recontoinant 
(Suntory, Osaka, Japan) human TNF with or without antibody 
overnight as above, and cell death was measured by vital 
staining. As expected based upon the above results with 
the A2 mouse mftb, cA2 also inhibited or neutralized both 
natural and rhTNF in a dose -dependent manner in the 
cytotoxicity assay (Figure 11). In this assay format, 
levels of ca2 as low as 125 ng/ml con5>letely abolished the 
toxic activity of TNP. Dipon repeated analysis, the cA2 
erfiibited greater TNF- inhibiting and/or neutralizing 
activity than did the parent murine A2 mftb. Such 
inhibiting and/or neutralizing potency, at antibody levels 
below 1 /ig/nLL, can easily be attained in the blood. of a 
subject to whom the antibody is administered. Accordingly, 
such highly potent inhibiting and/or neutralizing anti-TNF 
antibodies, in particular the chimeric antibody. 



axe 



wo 92/16553 PCr/US92/02190 

59 

preferred for therapeutic use in TNFa-mediated pathologies 
or conditions. 

As mentioned above, TNF induces cellular secretion 
of Furthermore, there is evidence that IL-6 is 

5 involved in the pathophysiology of sepsis, although the 
precise role of IL-6 in that syndrome is unclear (Pong, Y. 
£1L^, J Exp Med 170:1627-1633 (1989); Stames Jr., H.F. 
et al, , J Immunol 14^:4185-4191 (1990)). The ability of 
cA2 to inhibit or neutralize TNF- induced IL-6 secretion was 

10 evalxiated using cultured human diploid FS-4 fibroblasts • 
The results in Table 1 show that cA2 was effective in 
blocking IL-6 secretion in cells that had been incubated 
overnight with TNF. TNF- induced IL-6 secretion was not 
inhibited in the sUDsence of a znAb or in the presence of a 

15 control mAb specific for an irrelevant antigen. 

IN VITRO NEUTRALIZATION OP TNF- INDUCED IL-6 SECRETION 



TNF Concentration (na/wl) 

20 Antibody Q 0*3 i^s 7.5 

None <0.20 1.36 2.00 2.56 

Control mAb <0.20 1.60 1.96 2.16 

gA2 <0.20 <0.20 <0.20 0.30 



25 Values represent mean concentrations of IL-6 of 

duplicate wells, in ng/ml. RhTNF (Sxmtory, Osaka, 
Japam) , with or without 4 /xg/ml auitibody, was added 
to cultures of FS-4 fibroblasts and after 18 h, the 
supernatant was assayed for IL-6 using the 

30 Quantikine Human IL-6 Immunoassay (from R&D Systems, 

Minneapolis, MN) . Control mAb « chimeric 

mouse/human IgGl cmti -platelet mAb (7E3) . 



The ability of TNF to activate procoagulant and 
35 adhesion molecule activities of endothelial cells (EC) is 
thought to be an important component of pathology 
pathophysiology. In particular, this may be associated 
with the vascular damage, disseminated intravascular 
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coagulation, and severe hypotension that is associated with 
the sepsis syndrome* Therefore, the ability of ca2 to 
block THF- induced activation of cultured human mnbilical 
vein endothelial cells (HOVEC) vas evaliiated. INF 
5 stimulation of procoagulant activity was determined by 
ea^osing intact cultured HOVEC cells to THF (with or 
without antibody) for 4 hours and analyzing a cell lysate 
in a human plasma clotting assay. The results in Table 2 
show the e35>ected upregulation by TNF of HOVEC procoagulant 
10 activity (reflected by a decreeised clotting time) • 
Chimeric antibody cA2 effectively inhibited or neutralized 
this TNF activity in a dose -dependent manner. 

— vmr^ a 

15 IN VITRO NEDTRALIZAnON OF TNF- INDUCED PROCOftGOLaNT 

ACTIVITY . 

TWP Concentration fnq/ml) 







ftq/wl 


^50 


2S 


0 


20 


None 


64 ± 4* 


63 ± 1 


133 ± 13 




Control Ab 


10.00 


74 ± 6 


N.D. 


178 ± 55 




cA2 


10.00 


114 ± 5 


185 ± 61 


141 ± 18 




CA2 


3.30 


113 ± 2 


147 ± 3 


N.D. 




CA2 


1.10 


106 ± 1 


145 ± 8 


N.D. 


25 


A2 


0.37 


73 ± 17 


153 ± 4 


N.D. 




CA2 


0.12 


64 ± 1 


118 ± 13 


N.D. 



* Values represent mean plasma clotting time, in seconds (± 
S*D.) . Clotting time was determined in normal human plasma 
30 aif ter addition of the rhTNP (Dainippon, Osaka, Japan) with 
or without antibody- treated HOVEC lysate and Ca** at 37**C. 
N.D. » Not done. Control £b is a chimeric mouse/human IgGl 
anti-CD4 antibody. 

35 In addition to stimulating procoagulant activity, TNF 

also induces surface expression of endothelial cell 
adhesion molecules such as ELAM-1 azid ICAM-l. The ability 
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Of cA2 to Inhibit or neutralize this activity of TNF was 
measured using an BLAM-l specific detection 
radioimmunoassay. Cultured HDVBC were stimulated with 250 
ng/ml rhTNF (Dainippon, Osaka, Japan) with or without 
5 antibody at 37®C overnight in a 96-well plate format. 
Surface expression of ELAM-1 was determined by sequential 
addition of a mouse auiti- human ELAM-1 mAb and '^I- labelled 
rabbit antl -mouse immunoglobulin second antibody directly 
to culture plates at 4^C. 

10 As shown in Figure 12, TNF induced the expression of 

ELAM-l on the surface of ciiltured HDVEC cells, and this 
activity was again effectively blocked in a dose-related 
manner by cA2 * 

FinsLlly, TNF is known to stimulate mitogenic activity 

15 in cultured fibroblasts. Chimeric A2 inhibited or 
neutrcU.ized TOF- Induced mitogenesis of human diploid FS-4 
fibroblasts cultures, confirming the potent inhibiting 
and/or neutralizing capability of cA2 against a broad 
spectrum of In vitro TNF biological activities. 

20 BF»:^ypiig 

In Vivo Actlvitv and Efficacy of cA2 Antibody 
The highly restrictive species cross -reactivity of 
cA2 severely limits the ability to test the in vivo 
efficacy of this antibody in animals other ^,>l^T^ humans or 

25 chimpanzees. Nevertheless, evidence that the potent in 
vitro inhibiting and/or neutralizing capability of cA2 is 
manifest in vivo was desirable. Earlier animal studies 
showed that administration of TNF to experimental animals 
mimics the pathology state obtained with either 

30 Gram- negative bacterisLL infection or direct endotoxin 
administration (Tracey, K.J. et al . , 1986. supra ? Tracey, 
K.J. et al,, 1987, fiiaaa; Lehmann, V. et al, , flmaa) . 

An in vivo model wherein lethal doses of human TNF 
are administered to galactosamine- sensitized mice (Lehmsuin, 

35 v. et al , . fQipza) was adapted for testing the capability of 
cA2 to inhibit or neutralize TNF in vivQ > An i.p. 
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challenge with 5 iig (0.25 mg/kg) of rhTNF resulted in 80-90 
percent mortality in imtreated control anlaals and In 
animals treated i.v. 15-30 minutes later with either saline 
or 2 mg/Jcg control antibody (a chimeric IgGl derived from 
5 murine 7B3 anti-platelet mAb) . In contrast, treatment %^th 
ca2 reduced mortality to 0-30 percent with 0.4 mg/kg of 
antilxjd^, and to 0-10 percent with 20 mg/kgs. These 
results, summarized in Table 3, indicate that cM was 
enable of inhibiting and/or neutralizing the biological 
10 activity of TMF In vivo as well as 1b vj,trQ» 

TMLB 3 

PREVENTION OF HCJMftN TNF- INDUCED LETHaLITY BY CHIMERIC A2 

^^l^ffoma fSurvivorg/Total) 

15 Antibody Frr*^"^"*" ^"^ PTOqTimBT^t ttS 



None 



1/10 N.D. 



ContTOl Ab, 2 mg/kg 2/10 l/lO 

CA2 (2 mg/kg) 9/10 {p-0.0055) 10/10 
{p=.0.0001) 

20 CA2 (0.4 mg/kg) 7/10 (p-0.07) 10/10 



(p-0.0001) 



F e«n? T«» C3H/HeN mice «rere administered 5 rhTNF 
(Dainippon, Osaka, Japan) + 18 mg galactosamine i.p. and 
25 antibody was administered 15-30 minutes later i.v. Deaths 
were recorded 48 h post-chall^ge. Control MAb » chimeric 
mouse/human IgGl anti-platelet MAb (7E3) . N.D. - not done, 
p values refer to canqpeorison with the control Ab. 



30 anMPLE Xllli 

y^^fom^Tla^^ i^ ^ :*mir,n arAA aemienceg (epitOPe) on 
^^iman TW F-or recoom ized bv cA2 mftb 
Reagents The following reagents are readily 
available from commercial sources. FMOC-L-Ala-OPfp, 
35 PMOC-L-Cys (Trt) -OPfp, FMOC-L-Asp (OtBu) -OPf p, 

FMDC-L-Glu(OtBu) -OPfp, BMDC-L-Phe-OPfp, BMOC-Gly-OPfp, 
FMOC-L-His (Boc) -OPfp, FMOC- L - lie - OPf p , 
EMDC-L-Lys(Boc)-OPfp, EMOC-L-Leu-OPfp, BMOC-L-Asn-OPfp, 
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PMDC-L-Pro-OPfp, PMDC-L-Gln-OPfp, EMDC-L-Arg(Mtr) -OPfp, 
FMOC- L • Ser ( tBu ) - ODhbt , PMOC - L - Thr ( t Bu ) - ODhb t , 
FMDC-L-Val-OPfp, PMDC-L-Trp-OPfp, EMDC-L-Try (tBu) -OPfp, and 
l-hydro3c^benotrlazol (HOBT) were obtained from Cambridge 
5 Research Blochemicals . Piperldlne and was obtained from 
Applied Blosystems, Inc. 1 -Methyl- 2 -Pyrrolldlnone (NHP) 
was obtained from EH Science; Methanol from JT Baker; 
Acetic Anhydride from i^lied Biosystems, Inc., 
Trifluoroaccetic acid (TFA) from Applied Biosystems, Inc.; 
10 Dlisoprqpylamne (DIBA) , Triethylamine, Dithiothreitol (DTT) 
axid Anisole from Aldrich and Hydrochloric Acid (HCl) from 
JT Baker. 

Abbreviationa i FMOC, 9-fluorenylmethoxycarbonyl; tBu 
t-butyl ether; OtB, t-butyl ester; Boc, t-butyloxycarbonyl; 
15 Mtr, 4-metho37-2,3,6-trimethylbenzenesulfonyl; Trt, trityl; 
OPfp, pentafluorpphenylester; ODhbt. oxo-benzotriazone 
ster; 

A Chimeric antibody of the present invention, 
designated cA2, was used to determine which portions of the 

20 TNF amino acid sequence were involved in inhibitory binding 
by the antibody by epitope mapping, whereby the amino acid 
sequences of TNF- a recognized by cA2 have been identified. 

The cooplete primazy sequence of human TNFa, 
according to Pennica et al, Nature 312:724-729 (1984) is 

25 shown in Figure 13. Overlapping decapeptldes beginning 
with every second amino acid and covering the entire amino 
acid sequence of human TNF-or were synthesized on 
polyethylene pins using the method of Gysen {GyBen et al . , 
Peptides: CSiemistry and Biological, Proceedings of the 

30 Twelfth Americam Peptide Syaposium, p. 519-523, Ed, 6.R. 
Marshall, Escom, Leiden, 1988) . Sets of peptide pins 
bearing free N- terminal amino groups and acetylated 
N- terminal amino groups were individually prepared. Both 
sets of peptide pins were incubated in solutions containing 

35 the anti-TNF mAb cA2 to determine the amino acid sequences 
that make up the cA2 epitope on human iNF-of, as described 
below. Figure 14A shows the results of binding to the 



PCTAJS92/02190 

WO 92/16553 

64 

overlappiag decapeptides that con?»rise the entire sequence 
of human THF«. The O.D. «iptional density) correlates 
directly with the increased degree of ca2. binding. Figure 
14B shows the results of binding of cA2 to the same set of 
5 peptide pins in the presence of human TNPa. This 
coBipetitive binding stud^ delineates p^tides ^ch may 
show non-specific binding to cA2. 

There are at least two non- contiguous peptide 
sequences of TNF-a recognized by cA2. Using the 

10 conventional protein numbering system wherein the 
N-terminal amino acid is number 1, the cM mAb recognizes 
an epitope conposed at least in part of amino acids located 
within residues 87-108 or both residues 59-80 and 87-108 of 
TOP (of SBQ ID M0:1). Figure 15 presents these 

15 non-contiguous sequences within the TOF sequence. These 
sequences are also shown in a space filling model in Figure 
16B, along with a space filing model of the TNF monomer 

shown in Figure 

Tmeatpectedly, the mSb ca2 blocks the action of TNF-a 

20 without binding to the putative receptor binding locus, 
^ch can include one or more of, e.g., 11-13, 37-42, 49-57 
or 155-157 of hTNFof (of SEQ ID NO:!) . Preferred anti-TBF 
nftbs are those that inhibit this binding of human THF-a to 
its receptors by virtue of their ability to bind to one or 

25 more of these peptide sequences. These antibodies can 
block the activity of TMF by virtue of binding to the ca2 
epitope, such binding demonstrated to inhibit TRF activity. 
The identification of those peptide sequences recognized 
by cA2 provides the information necessary to generate 

30 additional monoclonal antibodies with binding 
characteristics and therapeutic utility that p^allel the 
embodiments of this application. 

yop f-'^*^ Pin synthesis Using an epitope mapping kit 
purchased from Cambridge Research Biochemicals, Inc. (CRB) , 

35 dodecapeptides corresponding to the entire sequence of 
human TNF-a were synthesized on polyethylene pins. 
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A synthesis schediUe was generated using the CRB 
epitope mapping software. Prior to the first amino acid 
coupling, the pins were deprotected with a 20% piperidine 
in HHP solution for 30 minutes at room tenperature. After 
5 deprotected, the pins were washed with NMP for five minutes 
at room tenqperattire, followed by three methanol washes • 
Following the wash steps, the pins were allowed to air dry 
for at least 10 minutes. 

The following procedure was performed for each 
10 coupling cycle: 

1) The amino acid derivatives and the HOBT were 
weighted out according to the weights required in the 
synthesis schedule. 

2) The HOBT was dissolved in the appropriate amount 
15 of NMP according to the synthesis schedule. 

3} The amino acid derivatives were dissolved in the 
recommended amount of BOBT solution and 150 microliters 
were pipeted into the appropriate wells as directed by the 
well position sheet of the synthesis schedule. 
20 4} The blocks containing the pins were placed into 

the wells, and the "sandwich" units stored in plastic bags 
in a 30^C water bath for 18 hours. 

5) The pins were removed from the wells and washed 
once (for 5 minutes) with NMP, three times (for two 

25 minutes) with methanol azid air dried for 10 minutes, 

6) The pins were deprotected as described above and 
the procedure repeated. 

To acetylate the peptides on one block of pins, the 
peptide pins were washed, deprotected and treated with 150 

30 microliters of a solution containing NMP; acetic 
anhydride : triethylamine (5:2:1) for 90 minutes at 30^C, 
followed by the washing procedure outlined above. The 
second set of peptide pins was deprotected by not 
acetylated to give free N- terminal amino groups. 

35 The final deprotection of the peptides to remove the 

side chain protecting groups was done using a mixture of 
TFA:anisole:dithiothreitol, 95:2.5:2.5 (v/v/w) for four 
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hours at ainbient teni)erature. After deprotectlon, the pins 
were a±r dried for 10 lainutes, followed by a 15 minute 
sonlcatlon in a solution of 0.1% BCL in methanol/distilled 
water (1:1) . The pins dried over night and were then readjr 
5 for testing. 

HT.TfiA Aaaav f ^^r ginfl^r? ™'f>t Peptide PINs 

SsaSSBJ^a: Disnq^tion Buffer: Sodium dlhydrogen 
phosphate (31.2 g, Sigma cat « S-0751 or equiveaent) and 
sodium dodecylsulfate (20.0 g, Sigma cat # L-3771 or 

10 equivalent) were dissolved in 2.0 L of milliQ water. The 
pH was adjusted to 7.2 ± 0-1 with 50% w/w sodltim hydroxide 
("VWR cat # VW6730-3 or equivalent) . 

Blocking Buffer: Soditan dihydrogen phosphate (0.39 
g, Sigma cat #8-0751 or equivalent) disodium hydrogen 

15 phosphate (1.07 g. Baker cat # 3828-1 or equivalent) and 
sodium chloride (8.50 g. Baker cat # 3624-5 or equivalent 
were dissolved in 1.0 L of milliQ water. The pa was 
adjusted to 7.2 ± 0.1 with 50% w/w sodium hydroxide (VWR 
cat VH6730-3 or equivalaa,t) . CSiicken egg altwimin (10.0 g, 

20 Sigma cat #A-5503 or equivalent) and bovine serum a 1 b »tnlTi 
(10.0 g, Sigma, cat #A.-3294 or equivalent) were dissolved 
at room teanperature with gentle stirring. The solution was 
filtered, and to the solution «ias added Tween 20 (2.0 ml, 
Sigma cat #P-i3.79 or equivalent). The solution was 

25 stirred gently at room tenperature for 30 min, filtered and 
stored at AO", 

PBS/Tween 20: A 10 x concentrate was prepared by 
dissolving sodium dihydrogen phosphate (3.90 g, Sigma cat 
# S-0751 or equivalent) , disodium l^drogen phosphate (10.70 

30 g. Baker cat #3828-1 or equivalent) and sodium chloride 
(85.0 g. Baker cat #3624-5 or equivalent) in 1.0 L of 
milliQ water. The pE was adjusted to 7.2 ± 0.1 with 50% 
w/w sodium hydroxide (VHR cat #W 6730 or equivalent) . To 
the solution was added Tween 20 (5.0 mL, Sigma cat #P-1379 

35 or equivalent) , and the mixture stirred gently. Just prior 
to use 100 vSL of this solution was diluted to 1.0 L with 
milliQ water. 
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Substrate solution: Substrate buffer was prepared 
by dissolving citric acid (4.20g, t^inckrodt cat #0627 or 
equivalent) and disodium hydrogen phosphate (7.10 g. Baker 
cat #3828*1 or equivalent) in 1.0 L of milliQ water. The pH 
5 was adjusted to 5.00 with 50% w/w sodium hydroxide (VWR cat 
#VW6730-3 or equivalent) . Immediately prior to use an OPD 
substrate tablet (30 mg, Sigma cat #P-8412 or equivalent 
and 30% v/v hydrogen peroxide (40 fiL, Sigma cat #P-1379 or 
equivalent) were added to the substrate buffer 25.0 mL) . 

10 Hie solution was wrapped in foil and mixed thoroughly. 

4 11:^04; Sulfuric acid (53 mL, EM Science cat 
#SX1244-5 or equivalent) was slowly added to miliQ water 
(447 oOi) and cooled to room totperature prior to use. 

Bqillimffnti^ Molecular Devices Model nu-max plate 

15 reader or equivalent. Scientific Products Model R4140 
Oscillating table shaker and equivalent. Branson Mbdel 
5200 ultra -sonic bath or equivalent. Finnpipette Mbdel 
4172317 multichannel pipeter or equivalent. Coming Mbdel 
25801 96 well disposable polystyrene Elisa Plates. 

20 Prior to use and after each sxzbsequent use the 

peptide pins were cleaned using the following procedure. 
Disruption buffer (2.0 L) was heated to 60^ and placed in 
an ultra- sonic bath in a fume hood. To the disruption 
buffer was sulded dithiolthreitol (2.5 g, Sigma cat #D- 0632 

25 or equivalent) . The peptide pins were sonicated in this 
medium for 30 min, washed thoroughly with milliQ waster, 
suspended in a boiling ethanol bath for 2 min, and 
air-dried. 

Blocking buffer (200 fOi) was added to a 96 well 
30 disposable polystyrene Elisa plate and the peptide pins 
suspended in the wells. The peptide pins and plate were 
incubated for 2 h at room tenqoerature on an oscillating 
table shaker. The plates and peptide pins were washed with 
PBS/Tween 20 (four times) . To each well was added a 20 
35 iig/ml concentration of cA2 euitibody (diluted with blocking 
buffer, 175 /iL/well) • TNF conpetitlon was done by 
Incubation of TSFot (40 iig/wl) and cA2 (20 ng/ml) in 
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BSA/oveObumin/BBS for three hours at room temperature. The 
peptide pins were suspended in the plate and incaibated at 
4«» overnight. Tte peptide pins and plate were washed with 
FBS/Tween 20 (four times}. To each well was added 
5 euiti-human goat antibody conjugated to horseradish 
peroxidase (diluted with blocking buffer to 1/2000, 175 
;iL/well, Jackson BnmundResearch Labs). The peptide pins 
were su^ended in the plate, and incubated for 1 h at room 
tenperature on a oscillating table shaker. The plates and 

10 peptide pins were washed with PBS/Tween 20 (four times) . 
TO eaxA well added freshly prepared substrate solution (ISO 
fiL/vell) , the peptide pins were suspended in the plate and 
incubated for 1 h at room tai5>erattjre on an oscillating 
table shaker. The peptide pins weire renoved and to each 

15 well is added 4N H^04 (50 iiL) . The plates were read in a 
Mblecular Devices plate reader (490 nm, subtracting 650 nm 
as a blank) , and the resiats are shown in Figures 14A and 
14B, as described above. 



20 Pmduetion Mmiae Anti -HIimaTl TNF Wftb 

HBlng TOF Peptide PracnnentS 
Femeae BALB/c mice, as in Exanqple I above, are 
injected subcutemeously and intraperitonesJ-ly (i.p.) with 
forty ng of purified B. eoli - derived recombinant hmnan THF 

25 (rhTNF) fragments comprising antl-TNP epitopes of at least 
5 amino acids located within the non- contiguous sequence 
59-80, 87-108 or both residues 59-80 and 87-108 of TNF (of 
SBQ ID B0:1), as presented above, emulsified with an equal 
volume of complete Freund's adjxxvant (obtained fran Dlfco 

30 Laboratories) in 0.4 ml is into a mouse. One week later, 
a booster injection of 5 iig of these rhTNF fragments in 
inccnplete Freund's adjuvant is given i.p. followed by four 
consecutive i.p. injections of 10 iig of TNF fragments 
including anti-TNF epitopes including amino acids from 

35 residues 59-80, 87-108 or both 59-80 and 87-108 of hTNFa 
(of SBQ ID N0:1) without auijuvant. Eight weeks after the 
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last Injection, the mouse is boosted l.p, with 10 fig of 
TNF. 

Foxxr days later, the mouse is sacrificed, the spleen 
is obtained and a spleen cell suspension is prepared. 
5 Spleen cells are fused with cells of the nonsecreting 
hybridoma, Sp2/0 (ATCC CRL15B1) , at a 4:1 ratio of spleen 
cells to Sp2/0 cells, in the presence of 0.3 ml of 30% 
polyethylene glycol, PEG 1450. After incubation at 37^C 
for 6 hours, the fused cells are distributed in 0.2 ml 

10 aliguots into 96 -well plates at concentrations of 2 x 10^ 
SP2/0 cells per well. Feeder cells, in the form of 5 x 10^ 
normal BALB/c spleen cells, are added to each well. 

The growth medium used consisted of REMl-1640 medium, 
10% heat -inactivated fetal bovine serum (FBS) (Byclone) , 

15 0.1 xeM mem ncmessential amino acids, 1 nM sodium pyruvate, 
2idM L-glutamlne, 100 U/ml penicillin, 100 H3/td1 
streptomycin (6ZBC0 Laboratories) and, for selection, 
hypoxanthine-aminppterin- thymidine (HAT) (Boehringer 
Mannheim) . 

20 A solid-phase radioimmunoaissay (RIA) is enployed for 

screening supernatants for the presence of mAbs specific 
for rhTNFa fragments including portions of residues 59-80, 
87-108 or both 59-80 and 87-108 of hTNFa (of SEQ ID N0:1) . 
This assay is described in Example II, above. The 

25 background binding in this assay is about 500 cpm. A 
supernatant is considered positive if it yielded binding of 
2000 cpm or higher. 

Of the supernatants screened, one or more positive 
supernatants are routinely identified by RIA. Of these 

30 positive supernatants, the highest binding (eis shown by the 
higher cpm values) are subcloned at limiting dilution on 
mouse feeder cells. U^on further cuoalysis of the 
supernatants in neutralization assays, routinely one or 
more antibodies are found to have potent inhibiting and/or 

35 neutralizing activity. These positive and inhibiting 
and/or neutralizing hybridoma lines sire then selected and 
maintained in RPMl-1640 medium with 10% FBS (6IBC0) , 0.1 siM 
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nonessential amino acids, 1 m sodium pyruvate, 2 mM 
L-glutamine, 100 U/ml penicillin and 100 Mg/ml 
streptoovcin. 

Murine and chimeric antibodies, fragments and regions 
are obtained by construction of chimeric «q?ression vectors 
encoding the mouse variable region of antibodies obtained 
10 in Bxanple XIV and human constant regions, as presented in 

Bxanples IV-IX above. 

The resulting chimeric A2 antibody is purified from 
tissue culture supernatant by Protein A-Sepharose 
chromatogra^y. The sc5»eniatant is adjusted to O.IM Tris, 

15 0.002M BDTJl, pa 8.0 and loaded on a Protein A-Sepharose 
column equilibrated in the same buffer. The igG is then 
eluted with O.IM citrate, pH 3.5, neutralized with IM Tris, 
and dialyzed into phosphate buffered saline (PBS) . 

OSie purified murine and chimeric antibodies, 

20 fragments and regions are evaluated for its binding and 
inhibiting and/or neutralizing activity. 

mCKMPh^ XVI 

T T^ ^f^f-rn Ae r^r'^•Y Hf»ii«-T-a1 igatinn EfflcaCY 

^ f^^tn^lr^r^ Attfri-TiffP Antibody 
25 Both the murine and chimeric anti-lOTot antibodies of 

the present invention, as obtained according to Bxanples 
XIV and rv, are determined to have potent TNF- inhibiting 
and/or neutralizing activity, as shown for example, in the 
TMP cytotoxicity assay described above, expressed as the 
30 50% inhibitory Dose (ID50) . 

m this same e35>erimental system, three other murine 
anti-TNFoe antibodies (termed TOF-1, TNP-2 and THF-3) of 
comparable binding affinity to TNF are found to have ID50 
values of 1-2 orders of magnitude greater, and thus have 
35 significantly less potent in neutralization, than both the 
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murine and chimeric anti-TNFa antibodies of the present 
invention. 

The ability of both the murine and chimeric cuiti-TNFof 
antibodies of the present invention, as obtained according 
5 to Bxamples ZIV and XV, to inhibit or neutralize human TN?a 
bioactivity in vitro is tested using the bioassay system 
described above. Cultured cells producing the murine or 
chimeric cmti-TNFa antibodies of the present invention, as 
obtained according to Bxasples ZIV and XV, are incubated 

10 with 40 pg/ml natural (Genzyme, Boston, MA) or recombinant 
(Suntory, Osaka, Japan) human TNF %7ith or without antibody 
overnight as above, and cell death is measured by vital 
staining. As eaqsected, both the murine and chimeric 
anti-l!HFa antibodies of the present invention, as dbtained 

15 according to Examples ZIV and ZV, inhibited or neutralized 
both natural and rhTNF in a dose - dependent manner in the 
cytotoxicity assay. Such inhibiting and/or neutraJ.izing 
potency, at antibody levelis below l (ig/wl, can easily be 
attained in the blood of a sxzbject to whom the antibody is 

20 administered. Accordingly, such highly potent inhibiting 
cuid/or neutralizing anti-TNF antibodies, in particular the 
chimeric antibody, cure preferred for therapeutic use in 
TNFof-mediated pathologies or conditions. 
The ability of cA2 to inhibit or neutralize TNF- induced 

25 XL- 6 secjretion is evaluated using cultured human diploid 
FS-4 fibroblasts. The results are expected to show that 
both murine and chimeric anti-TNFa antibodies of the 
present invention, as obtained according to Bxanples ZIV 
and ZV, are effective in bloclcing IL-e secretion in cells 

30 that had been incubated overnight with TNF. TNF- induced 
XL- 6 secretion is not inhibited in the absence of a mAb or 
in the presence of a control mAb specific for an irrelevant 
antigen. 

The ability of TNF to activate procoagulant and 
35 adhesion molecule activities of endothelisd. cells (EC) is 
thought to be an inportant coxqponent of pathology 
pathophysiology. Xn particular, this may be associated 
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with the vascular damage, disseminated intzavasculeur 
coagulation, and severe hypotension that is associated with 
the sepsis syndrome. Therefore, the ability of both the 
murine and chimeric anti-TNFar antibodies of the present 
5 invention, as (detained according to Examples ZIV and ZV^, to 
block TNF- induced activation of cultured human umbilical 
vein endothpUffT cells (HDVEC) is evaluated. TRF 
stimulation of procoagulant activity is determined by 
ea^osing intact cultured HDVBC cells to THP (with or 

10 without antibody) for 4 hours and analyzing a cell lysate 
in a y^rrm-n plasma clotting assay. The results are expected 
to show the expected upregulation by . TNF of HUVEC 
procoagulant activity (reflected by a decreased clotting 
time) . Both the murine and chimeric anti-TNPa antibodies 

15 of the present invention, as obtained according to Exanples 
jmr and ZV, are esqpected ^ to effectively inhibit or 
neutralize t>^^« TNF activity in a dose-*dependent manne r. 

Ta addition to stimulating procoagulant activity, TSF 
also induces surface esqpression of endothelial cell 

20 adhesion xnolecules such as ELAH-1 and ICBM*l. The ability 
of both the murine and chimeric anti-TNFa antibodies of the 
present invention, as obtained according to Exanples XIV 
?infi XV, are eacpected to inhibit or neutralize this activity 
of TNF is measured usiJig an ELAM-l specific detection 

25 radioimmunoassay. Cultured HOVEC are stimulated with 250 
ng/ml rhTNF (Dalnippon, Osaka, Japan) with or without 
antibody at 37^C overnight in a 96-well plate format. 
Surface expression of ELAH-l is determined by sequential 
addition of a mouse anti-humaLZi EU^-l m2^ and ^I- labelled 

30 rabbit anti-motise immunoglobulin second antibody directly 
to culture plates at 4^C. 

TNF is expected to induce the expression of BIAM-1 
on the surface of cultured HDVEC cells, and this activity 
is again esqpected to be effectively blocked in a 

35 dose- related manner by both the murine and chimeric 
cUiti-TNFa cuitlbodies of the present ixnrention, sis obtained 
according to Exanqples ZIV and ZV. 
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Finally, TNF is known to stimulate mitogenic activity 
in cultured fibroblasts. Both the murine and chimeric 
anti-THFor antibodies of the present invention, as dbtained 
according to Examples ZIV and X\r, are esqpected to inhibit 
5 or neutralize TNF-induced mitogenesis of human diploid FS-4 
fibroblasts cultiires, confirming the potent inhibiting 
and/or neutralizing capability of both the murine and 
chimeric antl-TNFa antibodies of the present invention, as 
obtained according to Examples XXV and ZV against a broad 
10 spectrum of in vitro TNF biological activities* 

EXAMPLE XVII 

In YivQ iftct^YitY emd Bggicacy qC cM AtttiboOy 
An in vivo model wherein lethal doses of human TSF 
are administered to galactosamine-sensitized mice (Lehmann, 

15 V. et al . - supra) is adapted for testing the capability of 
both the murine and chimeric anti-TNFa antibodies of the 
present Invention, as obtained according to Exanples XIV 
and XV, to inhibit or neutralize TNF in vivo. An i.p. 
challenge with 5 /ig (0.25 mg/kg) of rhTNF resulted in 80-90 

20 percent morteility in untreated control animals and in 
animals treated i.v. 15-30 minutes later with either saline 
or 2 mg/kg control antibody (a chimeric igGl derived from 
mu r in e 7E3 anti -platelet mAb) . In contrast, treatment with 
both, the murine and chimeric anti-OlIFa antibodies of the 

25 present invention, as obtained according to Bxanqples XIV 
and XV, is expected to reduce mortality to 0-30 percent 
with 0.4 mg/kg of antibody, and to 0-10 percent with 20 
mg/kgs. These expected results indicate that both the 
murine euid chimeric anti-TNFa antibodies of the present 

30 invention, as obtained according to Exasqples XIV and XV, 
are capable of inhibiting and/or neutralizing the 
biological activity of TNF in vivo as well as in vitro . 



EXAMPLE XVTII 
Clinical Activity and Efficacy of cA2 Antibody 
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Chimeric IgGl anti-human TNP monoclonal antibody cS2 
was administered to healthy male human volunteers as 
patients. One hour a£ter receiving 4 ng/kg of an HIH 
reference endotoxin, the volunteers were sidministered 
5 either saline, as a control, or 0.01, 0.10 or 10 mg/kg of 
ca2 in a pharmaceutically acceptable form. TNF levels in 
serum were measured over time and were fouxul to show a dose 
depsid^t decresise in peak TNF levels with no TNF being 
detected in volunteers receiving a 10 ng/kg dose of cA2. 

10 Accordingly, therapy with an anti-TNF antibody of the 
present invention is expected to inhibit TNF-mediated 
effects in humans. 

Patients receiving endotoxin develop pronounced 
leukopenia thought to be due to margi nation of white blood 

15 cells. As the white blood cells became activated, they can 
attach to endothelial receptors with resultant endothelial 
damage. At doses of 1.0 to 10.0 ng/kg, this leukopenia is 
prevrated, whereas, at 0.01 and 0.1 mg/kg dosages, a drop 
in white cell count was cdsserved. The drop was most 

20 pronounced among the polymorph cell line. In all patients 
thesre was a subsecpient leukocytosis, which was unchanged by 
treatment with euati-TNF anti-body cA2. This blocking 
effect on white blood cell maxgination is expected to 
represent a protective effect against the endothelial 

25 damage associated with TNF. It is expected in the art that 
this TNF- related endothelial damage plays a significant 
role in the morbidity and mortality associated with sepsis, 
and it is therefore expected that the anti-TNF antibodies 
of the present invention will provide a protective effect 

30 against these damaging effects, as presented herein. 

The references cited above are all incorporated by 
refermce herein, whether specifically incorporated or not. 

Having now fiilly described this invention, it will 
be appreciated by those skilled in the art that the same 

35 ^? Ti be performed within a wide range of equival en t 
parameters, concentrations, and conditions without 
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departing from the spirit and scope of the Invention and 
without undue e3q>erimentation« 

While this Invention hais been described in connection 
with specific embodiments thereof, it will be understood 
5 that it is capable of further modifications > This 
application is intended to cover any variations, uses, or 
adaptations of the Inventions following, in general, the 
principles of the invention and including such departures 
from the present disclosure as come within known or 

10 customary poractice within the art to which the invention 
pertains and as may be applied to the essential features 
hereinbefore set forth as follows in the scope of the 
aj^>ended claims. it is to be understood that the 
phraseology or terminology enployed herein is for the 

15 purpose of description and not of limitation. 
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SEQUENCE IiISTIIlG 



(1) GENERAL ZNFOSMATION: 

(i) APPLICaST: Le, Otnnning 

* Vilcek, Jan 
Dsiddona, Peter E. 
Ghrayeb, John 
Eoight, David M. 
Siegelf Scott A. 

(ii) TITLE OF INVENTION: MDNOCLOKAL AND CHIMERIC 
10 ANTIBODIBS ^^^^^^ ^jj^ TTOK® NECROSIS FACTOR 

(iii) NUMBER OF SEQUENCES: 1 

(iv) OORRBSPONDBHCE ADDRESS: ^ „ . . 

(A) ADDRESSEE: Browdy and Neinark 

" (B) STREET: 419 Seventh Street, N.W. 

(C) dTY: Washington 

(D) STATE: D.C. 

(E) OODNTRY: XJSA 
20 (F) ZIP: 20004 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TXPE: Floppy disk 

(B) COMPUTER: IBM PC ccnpatihle 

(C OPERATING SYSTEM: PC-DOS/MS-DOS 
(0) SOFTWARE: Patentm Release #1.0, 
2S Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

3Q (C) CLASSIFICATION: 

(B) FILING DATE: 18 -MAR- 1991 

(iac) TELECOMMDNICATION INFORMATION: 

* (A) TELBPHONB: 202-628-5197 
3' (B) TELEFAX: 202-737-3528 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 157 amino acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY: li ne ar 

(ii) MOLECULE TYPE: peptide 
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(xi) SBQDBNCE DESCEUEPTZON: SEQ ID N0:1: 

Val tag Ser Ser Ser tag Thr Pro Ser Lys Pro Val Ala His Val 
1 5 10 15 

Val Ala Asn Pro 61n Ala Glu 61y Oln Leu Gin Ttp Leu Asn Arg Arg 
5 20 25 30 

Ala Asn Ala Leu Leu Ala Asn Oly Val Glu Leu Arg Asp Asn Gin Leu 
35 40 45 

Val Val Pro Ser Glu Gly Leu Tyr Leu lie Tyr Ser Gin Val Leu Phe 

50 55 60 

10 Lys Gly Gin Gly Cys Pro Ser Tbx His Val Leu Leu Thx His Thr lie 

65 70 75 80 

Ser Arg He Ala Val Ser Tyr Gin Thr Lys Val Asn Leu Leu Ser Ala 
85 90 95 

lie Lys Ser Pro Cys Gin Arg Glu Thr Pro Glu Gly Ala Glu Ala Lys 
15 100 105 110 

Pro Trp Tyr Glu Pro lie Tyr Leu Gly Gly Val Phe Gin Leu Glu Lys 
115 120 125 

Gly Asp Arg Leu Ser Ala Glu He Asn Arg Pro Aep Tyr Leu Asp Phe 
130 135 140 

20 Ala Glu Ser Gly Gin Val Tyr Phe Gly lie He Ala Leu 

145 150 155 
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1. A lilglv-a££lnlt3r mouse aoaoclcmal antlbodty to 
iMnii^n tumor necrosis £actor-a {TSFeO , lAereln said 
no&ocloiial antibody (a) conipetltlTely Inhibits the binding 

5 of antibody A2 to TOF and (b) binds to a neutralizing 
epitope of human UFa. 

2. A souse monoclonal antibody according to claim 
1 in detectably labeled f oxm. 

3. A chimeric immunoglobulin chain caiq>rising at 
10 least part of a human imnnmogldbulin constant region and at 

least part of a non-human imnunoglbbulln variable region 
having firpedf Idty to human TBFa. 

4. A chimeric < —mwif^i f^iy^i, < n chain according to 
claim 3, wherein said chain is a heavy chain or a light 

15 chain. 

5. A chimeric i*«iiirftri ji oViiii in chain according to 
cTffiim 3, wherein said constant region is of human origin. 

6. A chimeric antlbodty molecule cQn^rising two 
light fhftlTiq and two heavy chains, each of said chains 

20 cosprlsing at least part of a constant region and at least 
part of a variable region, said variable region having 
specificity to human TSFci, said antibody binding with high 
affinity to a neutralising ^itope of human mFa IjLJEiza* 

7* A chimeric antibody according to claim 6 which 
25 does not bind to TOFB. 

8. A chimeric antibody according to claim 6, 
wherein said variable or constant region is of murine 
origin. 
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9. A chillier Ic aixtibod^ according to claim 8, 
wbereln said variable regioa Is derived £roia a high 
affinity nurlne aonodonal antibody Mhleh binds to a 
neutralising epitope of himan TBFa. 

5 10. A chlnerlo antibody according to claim 9, 

wherein said nurlne monoclonal antibody competitively 
Inhibits the binding of A2 or cA2 to INFa. 

11. A chimeric antibody according to claim 9, 
wherein said mgrine monoclonal antlbodty Is A2. 

10 12 • A chimeric antlbo<!^ according to claim 6 wherein 

said affinity, measured as an association constant (Ka), Is 
at least 1 x 10* llter/mole. 

13 • A chimeric antibody according to claim 6 wherein 
said affinity, measured as an association constant (Za) # Is 
15 at least 1 x 10^ llter/mole. 

* 14. A chimeric antibody according to claim 6 which 
neutralises human TXtFa with an ZD50 of at least about 1 

15. A chimeric antibody according to claim 6 which 
20 neutralises human THFa with an ID50 of at least about 100 

ng/ml. 

16. A chimeric antibody according to claim 6 which 
neutralises human TBFa with an ID50 of at least about 15 
ng/ml. 



25 17. A chimeric antibody according to claim 6 In 

detectably labeled form. 
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18. A Boooclonal antibody according to claim 1 In 
datectably labeled f ozm wblcb Is produced by a l^rldoma or 
reccnibinantly. 



19 • A monoclonal antlbodty according to claim 1, 
5 wherein said antibody has an antigen binding region idilch 
binds residues 87-108, or both 59-80 and 87-108, of hlSHFor 
o£ SEQ ZD HOsl. 

20 • An antibody according to claim 1, wherein said 
antibody, fragment or region does not bind to one or more 
10 etpltppes Included in amino adds 11-13, 37-42, 49-57 or 
155-157 of hlHFa of SEQ ZD NOsl. 

21. An antl-TNF antibody, or a fragment or region 
thereof, having an antl-THF binding region, or fragment 
thereof, corresponding to a 

15 (a) irnir**"** monoclonal antibody of monoclonal antibody 

A2| or 

(b) chimeric siouse-human monoclonal antlboc^, 
fragment or region of monoclonal antibody csA2. 

22. A TNF peptide conprlslng at least 5 amino acids 
20 selected from the group consisting of amino adds residues 

87-108 or both residues 59-80 and 87-108 of UZHFor of SEQ ZD 
mil, wherein sdd p^tlde ccoBprlses an epitope of an 
anti-THF antibody, fragment or region having anti-ZNF 
biological activity by binding to a TSF sequence other than 
25 a receptor binding locus, such that XBF binding to a TSF 
receptor is substantially inhibited. 



wo 92/16553 PCT/US92/02190 

81 

23. A VHF peptide aooordiag to Claia 22, consisting 
ossentially of 3 to 22 amino acids o£ at loast ona o£ the 
segaancas 

3yr-Sar-61n-Val-Leu-Phe-I(fB-Gly*ain-aiy-cys-Pro*Ser- 
5 Thr«Hi8-Val-Iieu*Lau-Tlir-Hi8*Tlir-Zle, as amino acids 59-BO 
of SBQ ID HOilf and 

Tyr-Gln-Thr-Lya-Val-Asn-Lau-Lou-Ser-Ala-Ile-Lyo- 
Ser-Pro-Cys-Qln-Arg-Gltt-Zlir^Pro-Glu-Oly as amino acids 
87*108 of SBQ ZD HOsl. 

10 24. A pharnaceaticai conposition, coonprising an 

antibody according to claim 1# or fragment, region or 
phamaceutically acceptable ester, ether, sulfate, 
carbonate, glucnronide or salt thereof, and a 
phamaceutically acceptable carrier. 

15 25. An isolated nF polynucleotide, comprising 

a nucleotide sequence encoding an antibody according to 
claim 6, wherein said nucleotide sequence encodes at least 
one variable region in operable linkage with at least one 
constant region. 

20 26. A polynucleotide according to claim 25, wherein 

said nucleotide sequence is selected from a genomic SKA 
sequence or a CDNA sequence. 

27. A polynucleotide according to claim 25, wherein 
said polynucleotide- is an eaq>ression vehicle. 

25 28. A host transformed or transf acted with the 

polynucleotide according to claim 25. 

29. A host according to claim 28, wherein said host 
is a eukaryotic cell or a bacterial cell. 



30. A host according to claim 29, wherein said host 
30 is mammalian cell. 
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31. A process for preparing an antibody, fragment 
or region aeeording to elaia 6, conprisings 

(a) col taring a host according to claim 28 such 
that said antibodty is expressed in recoverable 

g amountsi and 

Cb) recovering said antibody, or a fragment or 
region thereof, from said host or culture. 

32. A method for treating a subject having a 
pathology mediated by TSFa cosprising administering to said 

10 subject a therapeutic amount of a pharmaceutical 
cooposition according to claim 24. 

33. A method for treating a subject having a 
pathology mediated by conprising administering to said 
subject a therapeutic amount of a pharmaceutical 

15 eoBvositian accoinling to claim 42. 

34. A- method of removing from a sample a TNFa, a 
fragment thereof, or an immune complex containing said 
IHFa, the method comprising a 

(a) contacting said saisple to a device containing 
20 an antibodty according to claim 1, or a fragment 

or region thereof, bound to a support, suCh 
that said INFa, portion thereof or iii i i nune 
Gomplex reversible binds to said immoblliaed 
antibody, fragment or region to provide a bound 
25 TOBa, portion or immone cemplwf and 

a») recovering said bound TSFa, portion or immune 
conplex from said bound antibody^ fragment or 
region. 
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35. A aetbod o£ removing fron a aaaplm a ISFor, a 
fragaant thereof, or an immme conplex containing said 
TSnra, tbjB method ccnprisingi 

(a) contacting said sample to a device containing 
5 an antibody according to claim 6, or a fragment 

or region thereof, bound to a support, such 
that said TSFUg portion thereof or 4wnmiw^ 
complex reversible binds to said immobilised 
antibody, fragment or region to provide a bound 
10 XHFa, portion or immune complexi and 

(b) recovering said bound IHFa, portion or immune 
complex from said bound antibody, fragment or 
region. 

36. A method of treating a subject suspected of 
15 having a pathology or cooodition associated with elevated 

levels of THFor in a body fluid, coPBoprisingt 

(a) reonoving said TgWa from said hoiy fluid using 
a method according to claim 34 1 and 

(b) returning said bod^ fluid to said subject. 

20 37. A method of treating a subject suspected of 

having a pathology or condition associated with elevated 
levels of TSFa in a body fluid, conprisings 

(a) removing said TSFa from said boi^ fluid using 
a method according to claim 35 1 and 
25 (b) returning said body fluid to said subject. 
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38. An iamnmoassay method for detecting bianan TSFa 
In a sample, conprlslngs 

(a) contacting said sample with an antibody 
according to claim 1, or a fragment or 

5 region thereof i and 

(b) detecting the binding of the antibody to 
said nPa. 



39. An Immmioassay method for detecting human TSWa 
in a sample, ccsqprisings 
10 (a) contacting said sample with an antlbodty 

according to claim 6, or a fragment or 
region thereof} and 
(b) detecting the binding of the wtlbody to 
said THFa. 

15 40. A method of treating a snbject according to 

claim 32, wherein said pathology is selected from sepsis 
syndrome, cacheada, circulatory collapse and shocsk 
resulting from acute or chronic bacterial infection, a 
bacterial infection, a viral infection, a fungal infection, 

20 systemic li^nzs erythematosus, rheumatoid arthritis, 
alcohol -induced hepatitis, a chronic Inflammatory 
pathology, a vascular Inflammatory pathology, a 
graft-verstis-host pathology, Kalsakl>s pathology and a 
malignant pathology. 

25 41. A method of treating a subject according to 

claim 33, wherein said pathology is selected from sepsis 
syndrome, cachexia, circulatory collag^se and shock 
resulting from acute or chronic bacterial infection, a 
bacterial infection, a viral infection, a fungal infection, 

30 systemic Ivgnxs erythematosus, rheumatoid arthritis, 
alcbhol-indnced hepatitis, a chronic Inflammatory 
pathology, a vascular inflammatory pathology, a 
graft*versus-ho8t pathology, Kalsakl's pathology and a 
malignant pathology. 
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42. A pbazmaeautleal eonpoaltlon, caaqprlslng an 
antlbodbr aooordlng to olala 6, or £xagaiaat, region or 
pbamaooutlcally aocaptable ester, ether, sulfate, 
carbonate, glueoronlde or salt thereof, and a 
5 phaxaaoeatlcally aoceptable carrier. 
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